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2ULJLQDO5HVHDUFK&RPPXQLFDWLRQ
1LWUDWLRQ RI 7530 DV D 0ROHFXODU 6ZLWFK ,QGXFHV $XWRSKDJ\ GXULQJ %UDLQ
3HULF\WH,QMXU\
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$EVWUDFW
Aims: '\VIXQFWLRQ RI QHXURYDVFXODU SHULF\WHV XQGHUOLHV EUHDNGRZQ RI WKH
EORRGEUDLQEDUULHUEXWWKHPROHFXODUPHFKDQLVPVDUHODUJHO\XQNQRZQ,QWKLVVWXG\
ZH HYDOXDWHG WKH UROH RI WKH 7530 FKDQQHO DQG DXWRSKDJ\ GXULQJ EUDLQ SHULF\WH
LQMXU\ in vitro DQG in vivoResults: $UDSLG LQGXFWLRQ LQDXWRSKDJ\ LQKXPDQEUDLQ
YDVFXODU SHULF\WHV LQ ]LQF R[LGH QDQRSDUWLFOHV =Q213LQGXFHG FHOO VWUHVV PRGHO
ZDVSDUDOOHOHGZLWKDQLQFUHDVHLQWKHH[SUHVVLRQRIWKH75306WUXQFDWHGLVRIRUP
ZKLFK ZDV DEROLVKHG E\ WUHDWPHQW ZLWK D QLWULF R[LGH V\QWKDVH LQKLELWRU DQG
SHUR[\QLWULWHVFDYHQJHU)XUWKHUPRUH<LQWKH&WHUPLQXVRIWKH7530SURWHLQ
ZDVLGHQWLILHGDVW\URVLQHQLWUDWLRQVXEVWUDWHE\PDVVVSHFWURPHWU\2YHUH[SUHVVLRQRI
WKH<67530PXWDQWUHGXFHG/&,,DFFXPXODWLRQDQGSHULF\WHLQMXU\LQGXFHG
E\=Q213&RQVLVWHQWO\/&,,DFFXPXODWLRQZDVUHGXFHGDQGSHULF\WHVZHUHEHWWHU
SUHVHUYHG LQ LQWDFW EUDLQ PLFURYHVVHOV RI WKH 7530 .2 PLFH IROORZLQJ
=Q213LQGXFHG YDVFXODU LQMXU\ Innovation and Conclusions: 2XU SUHVHQW VWXG\
KDV UHYHDOHG D QRYHO PHFKDQLVP RI DXWRSKDJ\ GLVWXUEDQFH VHFRQGDU\ WR QLWURVDWLYH
VWUHVVLQGXFHGW\URVLQHQLWUDWLRQRI7530GXULQJSHULF\WHLQMXU\ 
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,QWURGXFWLRQ
7KH QHXURYDVFXODU SHULF\WHV DUH FULWLFDO FRPSRQHQWV RI WKH EORRGEUDLQ EDUULHU
%%%2YHU WKHSDVWGHFDGHVVWXGLHVKDYHFRQFHQWUDWHGPDLQO\RQ WKH
HQGRWKHOLDO FHOO FRPSRQHQW 5HFHQWO\ SHULF\WHV KDYH JDLQHG LQFUHDVLQJ DWWHQWLRQ DV
LPSRUWDQWFRQWULEXWRUVWRWKHPDLQWHQDQFHRI%%%IXQFWLRQYDVFXODUUHPRGHOLQJDQG
UHSURJUDPPLQJDQGDOVRDVSRWHQWLDOWDUJHWVIRUWKHUDSLHV
:KLOH WKHSHULF\WHV KDYHEHHQ VWURQJO\ LPSOLFDWHG LQ UHJXODWLQJ WKHSHUPHDELOLW\ RI
WKH%%%DQGVWUHVVLQGXFHGSHULF\WHLQMXU\ WKHSUHFLVHXQGHUO\LQJPHFKDQLVPV
UHPDLQ HOXVLYH $XWRSKDJ\ LV D KRPHRVWDWLF FHOOXODU SURFHVV WKDW VHUYHV WR FRQWURO
SURWHLQ TXDOLW\   5HFHQWO\ LW KDV EHHQ UHSRUWHG WKDW DJHUHODWHG SHULF\WH
GHJHQHUDWLRQPLJKWSDUWLFLSDWHLQFHOOXODULQMXU\DQGWULJJHUDXWRSKDJLFFHOOGHDWK
$FFXPXODWLQJ HYLGHQFH VXJJHVWV WKDW HQGRSODVPLF UHWLFXOXP (5 VWUHVV LV D SRWHQW
VWLPXOXVIRUDXWRSKDJLFUHVSRQVHDQGGHYHORSVSULRUWRDXWRSKDJ\DVSKDUPDFRORJLFDO
LQKLELWLRQ RI (5 VWUHVV UHGXFHV DXWRSKDJ\    +RZHYHU WKHUH KDYH EHHQ
FRQIOLFWLQJUHSRUWVUHJDUGLQJLQYROYHPHQWRIWKH(5VWUHVVDXWRSKDJ\D[LVLQLQGXFLQJ
WKHSURVXUYLYDOSDWKZD\RU WKHSURGHDWKSDWKZD\,W LV LPSRUWDQW WRQRWH
WKDWWKHILQDORXWFRPHRIWKH(5VWUHVVDXWRSKDJ\D[LVKLJKO\GHSHQGVRQWKHVWUHQJWK
DQGGXUDWLRQRIVWUHVVLQGXFLQJVLJQDOV7KHUHIRUHLWLVQHFHVVDU\WRH[DPLQHWKHUROH
RIWKH(5VWUHVVDXWRSKDJ\D[LVLQSDUWLFXODUFHOOVXQGHUVSHFLILFFHOOXODUFRQWH[WV,W
KDVEHHQVKRZQWKDW]LQFR[LGHQDQRSDUWLFOHV=Q213LQGXFHGWR[LFLW\OHDGVWRFHOO
LQMXU\ZKLFKLVDXVHIXOVWUHVVPRGHOWRPLPLFWKHSDWKRSK\VLRORJLFDOSURFHVVRI(5
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
VWUHVVDQGDXWRSKDJ\
5HFHQWILQGLQJVKDYHUHYHDOHGWKDWSHULF\WHVIURPEUDLQPLFURYHVVHOVVWUHQJWKHQ
WKHEDUULHULQWHJULW\LQSULPDU\FXOWXUHVRIUDWEUDLQHQGRWKHOLDOFHOOV$VDVHQVRU
RI R[LGDWLYH VWUHVV DQG PHGLDWRU RI &DHQWU\ DQG DSRSWRVLV WKH WUDQVLHQW UHFHSWRU
SRWHQWLDO PHODVWDWLQUHODWHG  7530 FKDQQHOV SOD\ D FUXFLDO UROH LQ D YDULHW\ RI
SK\VLRORJLFDO DQG SDWKRORJLFDO SURFHVVHV VXFK DV UHJXODWLQJ HQGRWKHOLDO EDUULHU
IXQFWLRQ LQFUHDVLQJ OXQJPLFURYHVVHOSHUPHDELOLW\DQGQHXWURSKLO VHTXHVWUDWLRQ 
+RZHYHULWLVXQFOHDUKRZSHULF\WHVDUHGDPDJHGLQUHVSRQVHWRVWUHVV
VWLPXODWLRQDQGZKHWKHU7530LVLQYROYHGLQVWUHVVLQGXFHGSHULF\WHLQMXU\ 
7KHSUHVHQW VWXG\DLPHG WR HOXFLGDWH WKHPROHFXODUPHFKDQLVP UHVSRQVLEOH IRU
VWUHVVLQGXFHG SHULF\WH LQMXU\ 8VLQJ WKH =Q213LQGXFHG VWUHVV PRGHO LQ
FRPELQDWLRQ ZLWK JHQHWLF DQG SKDUPDFRORJLFDO DSSURDFKHV ZH LQYHVWLJDWHG RQ WKH
UROH RI 7530 LQ WKH FURVVWDON WKDW FRXSOH DXWRSKDJ\ DQG PLFURYDVFXODU SHULF\WH
LQMXU\2XUUHVXOWVIURP in vitro DQG in vivoVWXGLHVSURYLGHFRPSHOOLQJHYLGHQFHVWR
VXSSRUWDUROHIRUQLWURVDWLYHVWUHVVLQOLQNLQJWKH7530WXUQRYHUZLWKGLVWXUEDQFHRI
DXWRSKDJ\LQEUDLQSHULF\WHLQMXU\  
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5HVXOWV
Spatiotemporal changes of autophagy in stress-induced brain pericyte injury 
7KHDXWRSKDJLFSURFHVVLQGXFHGE\=Q213LVDQHDUO\HYHQWIRUWKHHYDOXDWLRQ
RIFHOOLQMXU\7KHVL]HGLVWULEXWLRQDQG]HWDSRWHQWLDOGLVWULEXWLRQRI=Q213
ZHUH GHWHUPLQHG 6XSSOHPHQWDU\ )LJ 6 :H EHJDQ ZLWK PRQLWRULQJ WKH WHPSRUDO
FKDQJHV LQ WKH DXWRSKDJ\O\VRVRPH VLJQDOLQJ LQ FXOWXUHG KXPDQ EUDLQ YDVFXODU
SHULF\WHV WUHDWHG ZLWK =Q213 XVLQJ ZHVWHUQ EORWWLQJ WR GHWHFW PHPEUDQHERXQG
/&,,WKHSKRVSKDWLG\OHWKDQRODPLQHFRQMXJDWHGIRUP7UHDWPHQWZLWK=Q213IRU
KLQGXFHGDFRQFHQWUDWLRQGHSHQGHQWLQFUHDVHLQWKH/&,,OHYHO)LJ$DQG% 
)RUPDWLRQ RI WKH GRXEOHPHPEUDQH FLVWHUQ VWUXFWXUHV RU DXWRSKDJRVRPHV
FRQWDLQLQJF\WRSODVPLFPDWHULDOVRUDEHUUDQWRUJDQHOOHVLVDQXOWUDVWUXFWXUDOKDOOPDUN
RIDXWRSKDJ\&RQVLVWHQWO\ZLWK WKHELRFKHPLFDOGDWD WUDQVPLVVLRQHOHFWURQ
PLFURVFRS\ UHYHDOHG WKH IRUPDWLRQ RI GRXEOHPHPEUDQH VWUXFWXUHV ZLWK HQJXOIHG
F\WRSODVPIUDFWLRQVLQSHULF\WHVDIWHUWUHDWPHQWZLWK=Q213IRUK)LJ&
7KH DFFXPXODWLRQ RI DXWRSKDJRVRPHV FRXOG LQGLFDWH WKH G\QDPLF SURFHVV RI
DXWRSKDJ\7KHUHIRUHZHQH[WH[DPLQHG=Q213LQGXFHGDXWRSKDJ\IOX[XVLQJ
IOXRUHVFHQFH FRQIRFDO PLFURVFRS\ LQ SHULF\WHV WUDQVIHFWHG ZLWK DQ P5)3*)3/&
WDQGHPFRQVWUXFWZKLFK LVEDVHGRQ WKHFRQFHSWRI O\VRVRPDOTXHQFKLQJRI*)3 LQ
*)3ODEHOHG /&  $V VKRZQ LQ )LJXUH ' H[SRVXUH WR =Q213 IRU  K
LQGXFHG WKH IRUPDWLRQ RI *)3/& DQG P5)3/& SXQFWD DQG DQ LQFUHDVH LQ
-,$1*(7$/
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
DFFXPXODWLRQ RI \HOORZ IOXRUHVFHQW SXQFWD ZKLFK LV LQGLFDWLYH RI DXWRSKDJRVRPH
6XFK HIIHFWV ZHUH =Q213 FRQFHQWUDWLRQGHSHQGHQW )LJ ' DQG ( 7KHVH UHVXOWV
ZHUH FRQILUPHG E\ LPPXQRIOXRUHVFHQFH VWDLQLQJ ZLWK WKH DQWL/& DQWLERG\
6XSSOHPHQWDU\)LJ6 WR VKRZDQ LQFUHDVH LQ DXWRSKDJLFYHVLFOH DFFXPXODWLRQ LQ
=Q213WUHDWHGSHULF\WHV7DNHQWRJHWKHUWKHVHUHVXOWVSURYLGHFRQVLVWHQWHYLGHQFHWR
LQGLFDWH WKDW DXWRSKDJ\ LQLWLDWLRQ LV LQFUHDVHG IROORZLQJ =Q213LQGXFHG SHULF\WH
LQMXU\ )XUWKHUPRUH WLPHODSVH LPDJLQJ VKRZHG WKDW =Q213 LQGXFHG G\QDPLF
FKDQJHVLQDXWRSKDJ\IOX[RYHUDSHULRGRIPLQDVLQGLFDWHGE\WKHIOXRUHVFHQFH
VZLWFK EHWZHHQ *)3/& SXQFWD DQG P5)3/& SXQFWD )LJ ) 6XSSOHPHQWDU\
9LGHR$XWRSKDJLF IOX[FDQDOVREH UHIOHFWHGE\DQHOHYDWLRQ LQ WKH/&,, OHYHO
ZKLOHLQWHUUXSWLQJWKHDXWRSKDJRVRPHO\VRVRPHIXVLRQVWHS$VVKRZQLQ)LJXUH*
DIWHU LQKLELWLRQRI WKH O\VRVRPHIXQFWLRQXVLQJEDILORP\FLQ$Q0 WKH/&,,
OHYHO LQ SHULF\WHV ZDV IXUWKHU XSUHJXODWHG LQ UHVSRQVH WR =Q213 VWLPXODWLRQ
VXJJHVWLQJ LQFUHDVHV LQ DXWRSKDJ\ LQGXFWLRQ DQG DXWRSKDJLF IOX[ )LJ * DQG +
6XSSOHPHQWDU\)LJ6
TRPM2 knockdown blocks autophagy during brain pericyte injury 
$ UHFHQW VWXG\ VKRZV WKDW WKH 7530 FKDQQHO LV LPSRUWDQW LQ PHGLDWLQJ
R[LGDWLYH VWUHVVLQGXFHG GLVUXSWLRQ RI OXQJ HQGRWKHOLDO EDUULHU IXQFWLRQ  ,Q WKH
SUHVHQWVWXG\ZHVHWRXWWRLQYHVWLJDWHWKHUROHRI7530GXULQJEUDLQSHULF\WHLQMXU\
7KH WHPSRUDO FKDQJHV LQ WKH 7530 H[SUHVVLRQ LQ EUDLQ SHULF\WH FHOOV DIWHU LQMXU\
-,$1*(7$/
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
ZHUH H[DPLQHG XVLQJ ZHVWHUQ EORWWLQJ 7UHDWPHQW ZLWK =Q213 LQGXFHG D
WLPHGHSHQGHQW LQFUHDVH LQ D SURWHLQ EDQG ZLWK D PROHFXODU ZHLJKW RI  N'D
H[SHFWHGIRUWKHVKRUW7530SURWHLQLVRIRUP75306)LJ$7KHH[SUHVVLRQ
OHYHORI75306UHODWLYHWRWKHIXOOOHQJWK75307530/ZDVLQFUHDVHGDVWKH
H[SRVXUHZDVH[WHQGHGIURPWRK)LJ$DQG%7KHUHIRUHRXUGDWDLQGLFDWHWKDW
=Q213VWLPXODWLRQUHVXOWVLQVLJQLILFDQWHIIHFWRQWKH7530WXUQRYHULQSHULF\WHV 
$ UHFHQW VWXG\ VXJJHVWV 75306 WR EH FULWLFDOO\ LQYROYHG LQ UHGXFLQJ WKH
+,)Į OHYHO DQG PLWRSKDJ\ LQ 6+6<< QHXUREODVWRPD FHOOV  :H QH[W
LQYHVWLJDWHG ZKHWKHU DOWHUDWLRQ LQ WKH 7530 SURWHLQ H[SUHVVLRQ DIIHFWHG WKH
DXWRSKDJ\ HYHQWV LQ SHULF\WH LQMXU\ E\ H[DPLQLQJ WKH HIIHFW RI UHGXFLQJ 7530
H[SUHVVLRQRQ/&,,DFFXPXODWLRQ2XUUHVXOWVVKRZWKDWVL51$PHGLDWHGUHGXFWLRQ
LQ WKH7530H[SUHVVLRQVLJQLILFDQWO\GHFUHDVHG/&,,DFFXPXODWLRQ)LJ&DQG
' LQGLFDWLQJ WKDW =Q213LQGXFHG /&,, IRUPDWLRQ LV 7530GHSHQGHQW
)XUWKHUPRUHZHLQYHVWLJDWHGZKHWKHU=Q213VWLPXODWLRQDOVRGLVWXUEHGDXWRSKDJLF
IOX[LQD7530GHSHQGHQWPDQQHU$IWHUH[SRVXUHWR=Q213IRUKRUK/&,,
DFFXPXODWLRQZDVHOHYDWHGIXUWKHULQSHULF\WHVWUHDWHGZLWKFKORURTXLQH&4ȝ0
DVFRPSDUHGZLWKWKDWLQFHOOVWUHDWHGZLWK&4DORQHLQGLFDWLQJHQKDQFHGDXWRSKDJLF
IOX[ )LJ ( DQG ) 0RUHRYHU VL51$PHGLDWHG NQRFNGRZQ RI WKH 7530
H[SUHVVLRQGHFUHDVHG/&,,DFFXPXODWLRQLQSHULF\WHVLQWKHDEVHQFHDQGSUHVHQFHRI
&4 LQGLFDWLQJ WKDW 7530 SDUWLFLSDWHV LQ ERWK DXWRSKDJ\ LQGXFWLRQ DQG HQKDQFHG
DXWRSKDJLFIOX[GXULQJSHULF\WHLQMXU\)LJ(DQG)
-,$1*(7$/


TRPM2 knockdown reduces ER stress during brain pericyte injury 
:HQH[WDGGUHVVHGWKHUROHRI7530LQ=Q213LQGXFHGEUDLQSHULF\WHLQMXU\
XVLQJ781(/VWDLQLQJ=Q213WUHDWPHQWUHVXOWHGLQDQLQFUHDVHLQWKHSHUFHQWDJHRI
781(/SRVLWLYHSHULF\WHVZKLFKZDVDOPRVWFRPSOHWHO\DEROLVKHGE\WUHDWPHQWZLWK
7530VL51$)LJ$DQG%LQGLFDWLQJ7530GHSHQGHQWDSRSWRWLFFHOOGHDWK 
(5VWUHVVLVDKDOOPDUNRIFHOOLQMXU\UHIOHFWLQJWKHH[WHQWRISURWHLQDJJUHJDWLRQ
DQGSURPRWLQJFHOO LQMXU\ 7KHGRZQVWUHDP(5VWUHVVPDUNHUV VXFKDV&+23
-1.DQG3(5.DUHNQRZQWREHLQYROYHGLQWKH(5VWUHVVPHGLDWHGDXWRSKDJ\DQG
DSRSWRVLV SDWKZD\   7R IXUWKHU YDOLGDWH WKH REVHUYDWLRQ WKDW 7530 LV
LQYROYHG LQSHULF\WH LQMXU\ZHH[DPLQHG VXFK(5VWUHVV VLJQDOLQJSURWHLQV ,QGHHG
H[SRVXUH WR =Q213 OHG WR WLPHGHSHQGHQW XSUHJXODWLRQ RI &+23 SKRVSKR-1.
7KU7\UDQGSKRVSKR3(5.7KULQSHULF\WHV6XSSOHPHQWDU\)LJ6
0RUHRYHU=Q213LQGXFHGXSUHJXODWLRQRI(5VWUHVVDVVRFLDWHGVLJQDOLQJDFWLYLW\LQ
SHULF\WHVZDVVLJQLILFDQWO\LQKLELWHGE\WUHDWPHQWZLWK7530VL51$)LJ&) 
7R FRQILUP WKDW WKH REVHUYHG 7530 WXUQRYHU DQG (5 VWUHVVDXWRSKDJ\ D[LV
ZHUHFDXVDWLYHO\UHODWHGWRWKHVHYHULW\RISHULF\WHLQMXU\(5VWUHVVUHODWHGVLJQDOLQJ
SURWHLQH[SUHVVLRQZDVH[DPLQHG,QFRQWUDVWZLWKWKHFRQWUROFHOOVSHULF\WHVWUHDWHG
ZLWK=Q213VKRZHGDVLJQLILFDQWLQFUHDVHLQ&+23SKRVSKR-1.7KU7\U
DQG SKRVSKR3(5. 7KU DQG DJDLQ 7530 VLOHQFLQJ GHFUHDVHG
=Q213LQGXFHGHOHYDWLRQLQVXFK(5VWUHVVVLJQDOLQJSURWHLQVLQWKHSUHVHQFHRI&4
)LJ * 6XSSOHPHQWDU\ )LJ 6 :H IXUWKHU H[DPLQHG ZKHWKHU 7530 VLOHQFLQJ
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

KDG D SURWHFWLYH HIIHFW RQ WKH VHYHUH GDPDJH LQGXFHG E\ SURORQJHG H[SRVXUH WR
=Q2137UHDWPHQWZLWK7530VL51$UHVXOWHGLQDVLJQLILFDQWSURWHFWLYHHIIHFWLQ
SHULF\WHV HYHQ DIWHU WUHDWPHQW ZLWK =Q213 IRU  K DV UHYHDOHG E\ WKH
GRZQUHJXODWLRQRIS-1.DQG&+23DORQJZLWKWKHUHGXFWLRQLQWKHGHJUDGDWLRQRI
,5(ĮDQG3(5.)LJ+7KHVHUHVXOWVVKRZWKDWVL51$PHGLDWHGNQRFNGRZQRI
WKH 7530 H[SUHVVLRQ HIIHFWLYHO\ UHGXFHV =Q213LQGXFHG VHYHUH FHOO LQMXU\ LQ
SHULF\WHV
:H SHUIRUPHG IXUWKHU H[SHULPHQWV WR GHWHUPLQH ZKHWKHU DXWRSKDJ\ HYHQWV
FRUUHODWH ZLWK SHULF\WH LQMXU\ $V VKRZQ DERYH =Q213 WUHDWPHQW UHVXOWHG LQ DQ
LQFUHDVH LQ WKH SHUFHQWDJH RI 781(/ SRVLWLYH SHULF\WHV ,Q FRQWUDVW VL51$
NQRFNGRZQRI$7*H[SUHVVLRQUHGXFHGWKHQXPEHURIDSRSWRWLFFHOOV)LJ$DQG
%FRQILUPLQJWKDWGLVWXUEDQFHRIDXWRSKDJ\SURPRWHGSHULF\WHFHOOLQMXU\0RUHRYHU
VL51$NQRFNGRZQRI$7*RU7530VLJQLILFDQWO\LQFUHDVHGWKHFHOOYLDELOLW\DQG
VXSSUHVVHGWKHDFWLYDWLRQRIFDVSDVHGXULQJEUDLQSHULF\WHLQMXU\)LJ&+ 
Nitrosative stress associates with TRPM2-dependent autophagy  
7REHWWHUXQGHUVWDQGWKHPROHFXODUPHFKDQLVPVXQGHUSLQQLQJ7530GHSHQGHQW
DXWRSKDJ\ GXULQJ SHULF\WH LQMXU\ ZH H[DPLQHG WKH SRVVLEOH LQYROYHPHQW RI WKH
QLWURVDWLYHVWUHVV,WLVNQRZQWKDWSHUR[\QLWULWHPRGLILHVW\URVLQHUHVLGXHVLQSURWHLQV
ZKLFK DFFRXQWV IRU WKH HIIHFWV RI HQGRJHQRXVO\ SURGXFHG 12 E\ R[LGDWLRQ DQG
QLWUDWLRQ UHDFWLRQV   $V VKRZQ LQ )LJXUH $ ZHVWHUQ EORWWLQJ DQDO\VLV RI
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
QLWURW\URVLQH LQGLFDWHV WKDW VLJQLILFDQW SHUR[\QLWULWH IRUPDWLRQ ZDV REVHUYHG DW  K
DIWHU H[SRVXUH WR =Q213 DQG PDLQWDLQHG WKURXJKRXW WKH WUHDWPHQW XS WR  K 7R
JDLQ PHFKDQLVWLF LQVLJKWV FRQIRFDO LPDJLQJ ZDV XVHG WR GHWHFW WKH FKDQJH LQ
IOXRUHVFHQFH LQWHQVLW\ RI 13 DQ 2122 SUREH LQ SHULF\WHV GXULQJ WUHDWPHQW ZLWK
=Q213)LJ%7KHUHZDVVLJQLILFDQWLQFUHDVHLQWKH13IOXRUHVFHQFHLQWHQVLW\LQ
UHVSRQVH WR WUHDWPHQW ZLWK =Q213 ZKLFK ZDV EOXQWHG E\ WUHDWPHQW ZLWK  ȝ0
XULFDFLGDQ2122VFDYHQJHUSULRUWRDQGGXULQJWUHDWPHQWZLWK=Q213)LJ%
7KHDXWRSKDJLFIOX[FDQEHPRUSKRORJLFDOO\WUDFHGZLWKWKHP5)3*)3/&WDQGHP
FRQVWUXFW$VVKRZQDERYHWKHDXWRSKDJLFIOX[ZDVLQFUHDVHGIROORZLQJKWUHDWPHQW
ZLWK =Q213 ,Q FRQWUDVW WUHDWPHQW ZLWK XULF DFLG OHG WR EDUHO\ GLVFHUQLEOH
DFFXPXODWLRQVRI\HOORZDQGUHGSXQFWDXSRQGXULQJSHULF\WHLQMXU\)LJ&
2IQRWH LQKLELWLRQRIQLWULFR[LGH V\QWKDVHXVLQJ1*QLWUR/DUJLQLQHPHWK\O
HVWHU/1$0(ȝ0ZDVDOVRFDSDEOHRI LQKLELWLQJ=Q213LQGXFHGHOHYDWLRQ
LQ WKH75306H[SUHVVLRQ LQSHULF\WHV )LJ')3UHWUHDWPHQWRISHULF\WHVZLWK
XULFDFLGDORQHRUWRJHWKHUZLWK/1$0(OHGWRVLPLODUUHVXOWV)LJ')1H[WZH
DVVHVVHG WKH IXQFWLRQDO UHOHYDQFH RI 2122 IRUPDWLRQ ZLWK DXWRSKDJ\ VLJQDOLQJ
GXULQJSHULF\WH LQMXU\([SRVXUH WR=Q213IRUK OHG WRaIROG LQFUHDVHV LQ(5
VLJQDOLQJ SURWHLQV )LJ *, 7R HODERUDWH RXU ILQGLQJ WKH 2122 ZDV XVHG WR
IXUWKHU FODULI\ WKH UROH RI QLWURVDWLYH VWUHVV GXULQJ SHULF\WH LQMXU\ 7UHDWPHQW ZLWK
2122 LQGXFHG D SURQRXQFHG LQFUHDVH LQ (5 VLJQDOLQJ SURWHLQV DQG H[FHVVLYH
DXWRSKDJ\LQSHULF\WHV6XSSOHPHQWDU\)LJ6:KLOHDSURQRXQFHGGHFUHDVHLQ(5
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
VLJQDOLQJ SURWHLQV QDPHO\ &+23 DQG SKRVSKR-1. DQG /&,, ZDV GHWHFWHG LQ
=Q213H[SRVHG FHOOV WUHDWHG ZLWK /1$0( XULF DFLG RU ERWK )LJ ', DQG LQ
WKHVHFHOOVIHZHUDSRSWRWLFFHOOVZHUHREVHUYHGE\781(/VWDLQLQJ6XSSOHPHQWDU\
)LJ 6 2Q WKH EDVLV RI WKHVH GDWD ZH FRQFOXGH WKDW WKHUH LV D UHTXLUHPHQW IRU
QLWURVDWLYHVWUHVVVLJQDOLQJLQHQJDJHPHQWRIWKHDXWRSKDJ\GXULQJSHULF\WHLQMXU\ 
In vitro nitration of TRPM2 protein 
7KH 7530/ SURWHLQ FRQWDLQV VHYHUDO W\URVLQH UHVLGXHV ORFDWHG LQ WKH
&WHUPLQDO UHJLRQ 7KH DVVHVVPHQW RI 7530 QLWUDWLRQ DQG LGHQWLILFDWLRQ RI WKH
QLWUDWLRQ VLWHV VKRXOG SURYLGH FULWLFDO LQIRUPDWLRQ LQ XQUDYHOLQJ WKH PHFKDQLVPV RI
7530PHGLDWHGDXWRSKDJ\DQGSHULF\WHLQMXU\7RGLUHFWO\FRQILUPWKDWQLWURVDWLYH
VWUHVVZDV LQGHHG UHVSRQVLEOH IRUSURWHLQ W\URVLQHQLWUDWLRQRI7530ZH WUHDWHGD
KXPDQ 7530 SHSWLGH FRPSRVHG RI D PDMRULW\ RI WKH &WHUPLQXV UHVLGXHV
 ZLWK 2122 ([DPLQDWLRQ XVLQJ 0606 GHPRQVWUDWHG WKDW QLWUDWLRQ
FDXVHG D PDVV VKLIW RI  'D LQ QLWURW\URVLQHFRQWDLQLQJ SHSWLGHV DQG IXUWKHU
LGHQWLILHGWKDWW\URVLQHQLWUDWLRQRFFXUUHGDW<UHVLGXH)LJ 
Mutation of the nitration site in the TRPM2 attenuates pericyte injury 
7R UHLQIRUFH WKH FUXFLDO UROH RI 7530 SURWHLQ QLWUDWLRQ LQ PHGLDWLQJ SHULF\WH
LQMXU\ ZH PXWDWHG < WR VHULQH <6 DQG WUDQVIHFWHG SHULF\WHV ZLWK WKH
SODVPLG HQFRGLQJ WKH 7530<6 PXWDQW SURWHLQ )LJ $ :HVWHUQ EORWWLQJ
UHYHDOHG WKDW&+23DQGSKRVSKR-1.ZHUHVXEVWDQWLDOO\KLJKHU LQFHOOV WUDQVIHFWHG
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
ZLWKWKHHPSW\SODVPLGIROORZLQJKH[SRVXUHWR=Q213EXWQRWLQFHOOVWUDQVIHFWHG
ZLWK 7530<6 )LJ %) ,Q OLQH ZLWK WKLV RYHUH[SUHVVLRQ RI WKH
7530<6 PXWDQW FRQVWUXFW VLJQLILFDQWO\ DWWHQXDWHG H[FHVVLYH /&,,
IRUPDWLRQGXULQJSHULF\WH LQMXU\ )LJ%)DVZHOODV(5VWUHVVDQGDXWRSKDJ\ LQ
2122WUHDWHGSHULF\WHV)LJ*-7KHVHUHVXOWVSURYLGHFOHDUHYLGHQFHWRVXSSRUW
WKDW=Q213LQGXFHGLQVXOWSURPRWHVDFWLYDWLRQRIWKH(5VWUHVVDXWRSKDJ\D[LVDQG
SHULF\WHLQMXU\DQGWKDWWKHVHHYHQWVDUHGHSHQGHQWRIW\URVLQHQLWUDWLRQRI7530DW
< 
Nitrosative stress affects the TRPM2 channel function 
:H FRQVLGHUHG WKH SRVVLELOLW\ WKDW W\URVLQH QLWUDWLRQ RI WKH 7530 SURWHLQ
UHJXODWHG WKH 7530 FKDQQHO IXQFWLRQ 7R WHVW WKLV $'3ULERVH $'35LQGXFHG
7530FKDQQHOFXUUHQWVZHUHUHFRUGHGLQWHWUDF\FOLQHLQGXFLEOH7530H[SUHVVLQJ
+(.FHOOV)LJ$7RH[DPLQHZKHWKHUWKH7530FKDQQHOPRGXODWLRQFRXOG
RFFXUXQGHUQLWURVDWLYHVWUHVVZHXVHG6,1DGRQRURI2122DQGDSRWHQWLQGXFHU
RIFHOODSRSWRVLVDVZHOODV=Q2137UHDWPHQWZLWK6,1DQG=Q213UHVXOWHGLQ
VLJQLILFDQW GHFUHDVH LQ $'35LQGXFHG FXUUHQW DPSOLWXGH )LJ  7KH GHFUHDVH
LQGXFHGE\=Q213RU6,1LQWKH$'35LQGXFHGFXUUHQWDPSOLWXGHZDVSURKLELWHG
E\WUHDWPHQWZLWK/1$0(RUXULFDFLG)LJ$DQG%6LPLODUGRZQUHJXODWLRQE\
=Q213 RU 6,1 ZHUH REVHUYHG IRU WKH ZLOGW\SH 7530 FKDQQHO EXW QRW WKH
7530<6 PXWDQW FKDQQHO WUDQVLHQWO\ H[SUHVVHG LQ +(. FHOOV REVHUYHG 
-,$1*(7$/
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
6XSSOHPHQWDU\ )LJ 6  7DNHQ WRJHWKHU WKHVH UHVXOWV VXJJHVW IXQFWLRQDO
GRZQUHJXODWLRQRIWKH7530FKDQQHOVYLDQLWUDWLRQRIW\URVLQH 
Deletion of the TRPM2 reduces pericyte injury in mice 
3HULF\WHVDUHHPEHGGHGZLWKLQ WKHEDVHPHQWPHPEUDQHRIPLFURYHVVHOV
DQGH[KLELWDQXPEHURIFKDUDFWHULVWLFVIRUYHVVHOPDLQWHQDQFHDQGIRUPDWLRQ7R
H[SORUHWKHSDWKRSK\VLRORJLFDOVLJQLILFDQFHRI7530DXWRSKDJ\FURVVWDONLGHQWLILHG
IURPWKHin vitroVWXGLHVGHVFULEHGDERYHZHH[WHQGHGRXULQYHVWLJDWLRQWRWKHEUDLQ
SHULF\WHVin vivo:HH[DPLQHGSHULF\WHLQMXU\LQWKHFHUHEUDOYHVVHOVLQWKHZLOGW\SH
DQG DJHPDWFKHG 7530 .2 PLFH IROORZLQJ =Q213 LQMHFWLRQ XVLQJ
LPPXQRIOXRUHVFHQWFRQIRFDOLPDJLQJRIĮ60$RQHRIWKHZLGHO\DFFHSWHGSHULF\WH
PDUNHUV LQ EUDLQ PLFURYHVVHOV  DQG ODPLQLQ LQ WKH YDVFXODUVSHFLILF EDVDO
PHPEUDQH  3HULF\WHV ZHUH HPEHGGHG ZLWKLQ EDVHPHQW PHPEUDQHV ZLWK D
FRQWLQXRXV DQG SDWFK\ SDWWHUQ LQ WKH FDSLOODULHV 'RXEOHODEHOLQJ ZLWK Į60$ DQG
ODPLQLQ UHYHDOHG PRUH Į60$SRVLWLYH FHOOV LQ WKH 7530 .2 PLFH WKDQ LQ WKH
ZLOGW\SHPLFHIROORZLQJQHXURYDVFXODULQVXOW)LJ 
7R SURYLGH IXUWKHU HYLGHQFH WR VXSSRUW WKH QRWLRQ WKDW H[FHVVLYH DXWRSKDJ\ LV
DVVRFLDWHGZLWKSHULF\WH LQMXU\DGHQRYLUXVFDUU\LQJP5)3*)3/&FRQVWUXFWZHUH
LQMHFWHGLQWRWKHPLFHEUDLQWRYLVXDOL]HWKHUROHRIDXWRSKDJ\GXULQJ=Q213LQGXFHG
SHULF\WHLQMXU\,QDGGLWLRQWRWKHZHDNIOXRUHVFHQFHRI/&*)3LQWKHFRQWUROPLFH
PRUH P5)3/& SXQFWD ZHUH REVHUYHG LQ WKH EUDLQ SHULF\WHV LQ WKH PLFH DIWHU
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
QHXURYDVFXODU LQVXOW )LJ  LQGLFDWLQJ WKH LQFUHDVHG DXWRSKDJLF SURFHVV DQG IOX[
DFWLYLWLHV0RUHRYHUWKHDFFXPXODWLRQRIDXWRSKDJLFYHVLFOHZDVSDUWLDOO\UHGXFHGLQ
WKHYHVVHOVLQWKH7530.2PLFHDIWHUQHXURYDVFXODULQVXOW)LJ7KHUHIRUHWKH
7530 LQ SHULF\WHV KDV DQ LPSRUWDQW UROH LQ PHGLDWLQJ H[FHVVLYH DXWRSKDJ\ XSRQ
QHXURYDVFXODULQVXOW 
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
'LVFXVVLRQ
3HULF\WHV G\QDPLFDOO\ UHVSRQG WR VWUHVV LQGXFHG E\ LQMXU\ LQ EUDLQ GLVHDVHV
5HFHQW VWXGLHV SURYLGH FRPSHOOLQJ HYLGHQFHV WKDW SHULF\WHV DUH HVVHQWLDO IRU WKH
SUHVHUYDWLRQRIWKH%%%IXQFWLRQGXULQJLVFKHPLFVWURNHDQG$O]KHLPHU
VGLVHDVH
 ,Q WKLV VWXG\ZHKDYH UHYHDOHGDSUHYLRXVO\XQUHFRJQL]HG UROH IRU WKH7530
FKDQQHO LQ SURPRWLQJ DXWRSKDJ\ LQ SHULF\WHV DQG GHILQHG D QRYHO PHFKDQLVP RI
DXWRSKDJ\ GLVWXUEDQFH VHFRQGDU\ WR QLWURVDWLYH VWUHVVLQGXFHG W\URVLQH QLWUDWLRQ RI
7530SURWHLQGXULQJVWUHVVLQGXFHGSHULF\WHLQMXU\
,Q WKLV VWXG\ ZH GHPRQVWUDWH WKDW 7530GHSHQGHQW DXWRSKDJ\ LV FULWLFDOO\
LQYROYHG LQ WKH SDWKRORJLFDO SURFHVV RI SHULF\WH LQMXU\ 7530 LV D SRWHQWLDOO\
LPSRUWDQW SKDUPDFRORJLFDO WDUJHW IRU LQKLELWLQJ WKH SDWKRORJLFDO LQFUHDVH LQ
HQGRWKHOLDOEDUULHUIXQFWLRQ7KHLPSRUWDQFHRI7530LQPHGLDWLQJDXWRSKDJ\
SHULF\WHV LV VXSSRUWHG E\ RXU ILQGLQJ WKDW NQRFNGRZQ RI 7530 SDUWLDOO\ LQKLELWV
=Q213LQGXFHG /&,, DFFXPXODWLRQ &RQWURO H[SHULPHQWV VKRZHG WKDW 7530
NQRFNGRZQGLGQRWVLJQLILFDQWO\DIIHFWWKH/&,,DVZHOODV(5VWUHVVSURWHLQOHYHOV
GXULQJ VWDUYDWLRQ 6XSSOHPHQWDU\ )LJ 6 $ UHFHQW VWXG\ KDV UHSRUWHG WKDW
LQWHUIHUHQFHZLWK7530/IXQFWLRQPRGXODWHV+,)ĮPLWRFKRQGULDOIXQFWLRQDQG
PLWRSKDJ\  2WKHU VWXGLHV KDYH VKRZQ WKDW RYHUH[SUHVVLRQ RI 7530/ FRQIHUV
SURWHFWLRQDJDLQVWR[LGDWLYHVWUHVVLQGXFHGFHOOGHDWK$GUDPDWLF LQFUHDVH LQWKH
75306 ZDV REVHUYHG IROORZLQJ SHULF\WH LQMXU\ =KDQJ et al UHSRUWHG WKDW
75306SOD\VDQLPSRUWDQWUROHLQPDQ\WLVVXHVEHFDXVHLWFDQPRGXODWH&DLQIOX[
-,$1*(7$/
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
DQG FHOOXODU UHVSRQVHV WR R[LGDWLYH VWUHVV  5HFHQWO\ +HFTXHW et al KDYH VKRZQ
WKDW 75306 H[SUHVVLRQ GXULQJ R[LGDWLYH VWUHVV PD\ PLWLJDWH HQGRWKHOLDO FHOO
DSRSWRVLVDQGYDVFXODULQMXU\DQGLQIODPPDWLRQ
7RVHDUFKIRUD OLQNEHWZHHQ7530GHSHQGHQWDXWRSKDJ\DQGSHULF\WH LQMXU\
ZH LQYHVWLJDWHG LI 7530 RU DXWRSKDJ\ LQKLELWLRQ FDQ DIIHFW FHOO VXUYLYDO DIWHU
VXEMHFWHGWR=Q213LQGXFHGLQVXOW+HUHZHVKRZHGWKDWHLWKHUGRZQUHJXODWLRQRI
HQGRJHQRXV7530H[SUHVVLRQLQSHULF\WHVE\VL51$in vitro RU7530NQRFNRXWLQ
PLFHFRQVLVWHQWO\UHGXFHG/&,,DFFXPXODWLRQDQGSHULF\WHLQMXU\2ISDUWLFXODUQRWH
ZH IRXQG WKDW VL51$ NQRFNGRZQ RI $7* PDUNHGO\ DWWHQXDWHG SHULF\WH DSRSWRVLV
LQGLFDWLQJWKDWDXWRSKDJ\VHUYHVDVDQLPSRUWDQWFHOOGHDWKPHFKDQLVP,QWKLVVWXG\
ZHDOVRGHPRQVWUDWHGWKDWDXWRSKDJ\GXULQJSHULF\WHLQMXU\VWURQJO\GHSHQGVRQ(5
VWUHVVZKLFKZDVFRQILUPHGE\WKHILQGLQJWKDWWUHDWPHQWZLWKVDOXEULQDODVHOHFWLYH
LQKLELWRU RI (5 VWUHVV VLJQLILFDQWO\ EORFNHG =Q213LQGXFHG /&,, IRUPDWLRQ
6XSSOHPHQWDU\ )LJ 6 0RUHRYHU VL51$PHGLDWHG NQRFNGRZQ RI 7530
VLJQLILFDQWO\EOXQWHGWXQLFDP\FLQLQGXFHG(5VWUHVVDQG/&,,IRUPDWLRQLQSHULF\WHV
6XSSOHPHQWDU\ )LJ  6 ,Q DGGLWLRQ RXU GDWD VKRZHG WKDW DXWRSKDJ\ DQG
(5VWUHVV VLJQDOLQJ ZHUH &DGHSHQGHQW DQG LQKLELWHG E\ D 7530 EORFNHU
6XSSOHPHQWDU\ )LJ  6. 7KXV RXU GDWD VXJJHVW WKDW DXWRSKDJ\ FKDQJHV DV D
UHJXODWRURISHULF\WHLQMXU\7530OLHVXSVWUHDPRIWKH(5VWUHVVDXWRSKDJ\D[LVDQG
DXWRSKDJ\LVIXQFWLRQLQJSULPDULO\DVDF\WRWR[LFUHVSRQVHWRH[FHVV(5VWUHVV 
+RZ GRHV VWUHVV VWLPXODWLRQ LQGXFH 7530GHSHQGHQW DXWRSKDJ\ DQG
-,$1*(7$/


VXEVHTXHQWO\ SHULF\WH LQMXU\" :H KDYH IXUWKHU H[SORUHG WKH XSVWUHDP UHJXODWLRQ RI
7530FKDQQHOIXQFWLRQXQGHUO\LQJSHULF\WHLQMXU\7KHSUHVHQWVWXG\GHPRQVWUDWHG
WKDWQLWURVDWLYHVWUHVVLVDQLPSRUWDQWHOHPHQWLQWKHLQGXFWLRQRI7530WXUQRYHUDQG
WKH DXWRSKDJ\ UHVSRQVH :H SUHYLRXVO\ UHSRUWHG WKDW &DFDOPRGXOLQGHSHQGHQW
QLWURVDWLYH VWUHVV LQLWLDWHG HDUO\ FHUHEURYDVFXODU LQMXU\ DQG VXEVHTXHQW QHXURQDO
GDPDJH LQGLFDWLQJ WKDW EUDLQ PLFURYHVVHOV DUH WKH PRVW YXOQHUDEOH DQG VHQVLWLYH
FHOOXODU FRPSRQHQWV RI 2122    ,Q WKH SUHVHQW VWXG\ WKH &DVHQVRU
SURWHLQFDOPRGXOLQZDV LGHQWLILHGDVRQHRI WKH7530LQWHUDFWLQJSURWHLQVXVLQJD
SURWHRPLF DSSURDFK ,PPXQRSUHFLSLWDWLRQ FRQILUPHG WKDW 7530 DQG FDOPRGXOLQ
DVVRFLDWH ZKHUHDV WKLV DVVRFLDWLRQ ZDV GHFUHDVHG LQ WKH SUHVHQFH RI =Q213
6XSSOHPHQWDU\)LJ6:HK\SRWKHVL]HWKDWRQJRLQJQLWURVDWLYHVWUHVVLQGXFHVWKH
7530 WXUQRYHU DQG VXEVHTXHQWO\ LQGXFHV (5 VWUHVV WR LQLWLDWH WKH DXWRSKDJ\
SDWKZD\7KHDERYHSURFHVVLVDW OHDVW LQSDUWGHSHQGHQWRQQLWUDWLRQRI7530DW
<7530QLWUDWLRQGRHVQRWGLUHFWO\WULJJHUDXWRSKDJ\DQGLQVWHDGDFWLYDWHV(5
VWUHVV WKDWSURYLGHVWKHFULWLFDO OLQN WR WKH LQFUHDVHGDXWRSKDJ\,Q WKHSUHVHQWVWXG\
RYHUH[SUHVVLRQ RI WKH 7530 <6 FRQVWUXFW VLJQLILFDQWO\ UHGXFHG WKH /&,,
IRUPDWLRQLQWXQLFDP\FLQWUHDWHGSHULF\WHV6XSSOHPHQWDU\)LJ67KHDXWRSKDJ\
LQGXFHG E\ WKH7530 WXUQRYHU LV OLNHO\ WKURXJK(5 VLJQDOLQJ DQG WKH FRQVHTXHQW
FDVFDGHRI UHDFWLRQV UHODWHG WR WKHXQIROGHGSURWHLQ UHVSRQVH  2XUGDWD
VXJJHVWHG WKDW QLWUDWLRQ RI 7530 DW < PLJKW FRQWULEXWHV WR 75306
IRUPDWLRQ EHFDXVH ERWK WKH 126 LQKLELWRU /1$0( DQG SHUR[\QLWULWH VFDYHQJHU
-,$1*(7$/
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XULF DFLG VLJQLILFDQWO\ UHGXFHG 75306 IRUPDWLRQ DQG UHVWRUHG WKH 7530/
FKDQQHO IXQFWLRQ 7KHVH UHVXOWV IXUWKHU VXSSRUW WKH QRWLRQ WKDW D QLWURVDWLYH
VWUHVVGHSHQGHQW PHFKDQLVP PLJKW UHJXODWH WKH 7530 WXUQRYHU GXULQJ SHULF\WH
LQMXU\ 7KHVH VWHSV ZHUH LQ SDUDOOHO ZLWK DQ LQKLELWLRQ RI &+23 DQG SKRVSKR-1.
7KU7\UDQGDQLQFUHDVHLQWKHOHYHORI/&,,LQWKHVDPHFRQWH[W 
7KH QHXURYDVFXODU XQLW LV WKH SULPDU\ WDUJHW RI QLWURVDWLYH VWUHVV LQ
FDUGLRYDVFXODU GLVHDVHV VWURNH DQG QHXURGHJHQHUDWLYH GLVRUGHUV    7KH
WR[LFLW\ RI VXSHUR[LGH LV JUHDWO\ LQFUHDVHG E\ UHDFWLQJ ZLWK QLWULF R[LGH WR IRUP
SHUR[\QLWULWH+HUHFRPELQHGWUHDWPHQWVZLWK/1$0(DQGXULFDFLGGLGQRW
IXUWKHUUHGXFHDQWLQLWURVDWLYHVWUHVVHIILFDF\IROORZLQJ=Q213LQVXOWLQGLFDWLQJWKDW
WKHQLWURVDWLYH VWUHVVSDWKZD\ LV VSHFLILFDOO\ LQYROYHG LQ WKHSDWKRORJLFDOSURFHVVRI
SHULF\WHLQMXU\)XUWKHUVXSSRUWIRUWKLVFRQFOXVLRQLVSURYLGHGE\WKHREVHUYDWLRQWKDW
RYHUH[SUHVVLRQRIWKH7530<6PXWDQWZDVVXIILFLHQWWRLQKLELWWKH(5VWUHVV
FRLQFLGLQJZLWKWKHLQKLELWRU\HIIHFWRQWKHHOHYDWLRQRI/&,,DFFXPXODWLRQGXULQJ
SHULF\WHLQMXU\2XUUHVXOWVWRJHWKHUZLWKWKHVHREVHUYDWLRQVVXJJHVWWKDWLQKLELWLRQRI
7530 SURWHLQ W\URVLQH QLWUDWLRQ SURWHFWV DJDLQVW SHULF\WH LQMXU\ YLD LQKLELWLRQ RI
DXWRSKDJ\
$QXPEHURIVWXGLHVGHPRQVWUDWHWKDWSHULF\WHHQGRWKHOLDOFHOOFRPPXQLFDWLRQLV
HVVHQWLDOWRUHJXODWHWKHFDSLOODU\EORRGIORZDQGPDLQWDLQWKHIXQFWLRQRIWKH%%%
,QGHHGSHULF\WHVDUHDNH\FRPSRQHQWRIWKHQHXURYDVFXODUXQLWZKLFKZUDS
DURXQG WKH HQGRWKHOLDO FHOOV LQ WKH PLFURYHVVHOV HOLFLWLQJ D SURWHFWLYH HIIHFW RQ
-,$1*(7$/
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HQGRWKHOLDOEDUULHU IXQFWLRQ7RDVVHVV WKH WUDQVODWLRQDO UHOHYDQFH in vivoZH
DGGUHVVHGWKHUROHRISHULF\WH7530FKDQQHOGXULQJ=Q213LQGXFHGQHXURYDVFXODU
LQMXU\ ,QWHUHVWLQJO\ WKH GHFUHDVHG DEXQGDQFH RI SHULF\WH /& SXQFWD DW  K DIWHU
QHXURYDVFXODULQMXU\LQWKH 7530.2PLFHFRLQFLGHGZLWKUHGXFHGSHULF\WHLQMXU\
LQEUDLQPLFURYHVVHOV7DNHQ WRJHWKHU WKHVHJHQHWLFDQGELRFKHPLFDO UHVXOWV VXSSRUW
WKH LGHD WKDW 7530GHSHQGHQW DXWRSKDJ\ SOD\V D FUXFLDO UROH LQ PHGLDWLQJ
QLWURVDWLYH VWUHVVLQGXFHG SHULF\WH LQMXU\ LQ PLFH 0RUHRYHU RXU VWXG\ DOVR UDLVHV
LQWHUHVWLQJ TXHVWLRQV UHJDUGLQJ WKH LQWHUUHODWLRQVKLSV EHWZHHQ SHULF\WHVSHFLILF
7530FKDQQHOVDQGRWKHUQHXURYDVFXODUFRPSRQHQWVLQWKHSDWKRORJLFDOSURFHVVRI
QHXURYDVFXODULQMXU\+RZHYHUWKLVK\SRWKHVLVUHPDLQVWREHWHVWHGLQWKHIXWXUH 
,QVXPPDU\RXUVWXG\KDVHVWDEOLVKHGDSUHYLRXVO\XQUHFRJQL]HGPHFKDQLVPIRU
QLWURVDWLYH VWUHVVLQGXFHG 7530 SURWHLQ W\URVLQH QLWUDWLRQ DQG VXEVHTXHQW
GLVWXUEDQFH RI DXWRSKDJ\ OHDGLQJ WR SHULF\WH LQMXU\ 0RUH LPSRUWDQWO\ RXU UHVXOWV
SURYLGH FOXHV IRU GHYHORSLQJ PRUH HIIHFWLYH QHXURYDVFXODU WKHUDSHXWLF VWUDWHJLHV E\
WDUJHWLQJ QLWURVDWLYH VWUHVV 8OWLPDWHO\ D IXOO XQGHUVWDQGLQJ RI WKH PROHFXODU
PHFKDQLVPVRISHULF\WHLQMXU\LVFUXFLDOWRWKHGHYHORSPHQWRIWKHUDSHXWLFVWUDWHJLHV
WRWUHDWQHXURYDVFXODUG\VIXQFWLRQUHODWHGSDWKRORJLHV  
-,$1*(7$/
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,QQRYDWLRQ
2XU VWXG\ LV WKH ILUVW GHPRQVWUDWLRQ WKDW 7530GHSHQGHQW DXWRSKDJ\ LV
FULWLFDOO\LQYROYHGLQWKHSDWKRORJLFDOSURFHVVRISHULF\WHLQMXU\2XUILQGLQJVIXUWKHU
KDYHLGHQWLILHGQLWURVDWLYHVWUHVVDVDQLPSRUWDQWHOHPHQWLQWKHLQGXFWLRQRI7530
W\URVLQHQLWUDWLRQDW<DQGWKHDXWRSKDJ\UHVSRQVH0XWDWLRQDOSUHYHQWLRQRIWKLV
VLJQLILFDQWO\UHGXFHGWKHHOHYDWLRQRI(5DSRSWRWLFSURWHLQVDQG/&,,DFFXPXODWLRQ
GXULQJSHULF\WHLQMXU\/&DFFXPXODWLRQZDVUHGXFHGDQGEUDLQSHULF\WHVZHUHEHWWHU
SUHVHUYHGLQWKH 7530.2PLFHXSRQYDVFXODU LQMXU\$IXOOXQGHUVWDQGLQJRI WKH
PROHFXODUPHFKDQLVPVRISHULF\WHLQMXU\LVFUXFLDOWRWKHGHYHORSPHQWRIWKHUDSHXWLF
VWUDWHJLHVWRWUHDWQHXURYDVFXODUG\VIXQFWLRQUHODWHGSDWKRORJLHV
-,$1*(7$/
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0DWHULDOVDQG0HWKRGV 
Reagents  
$OOFKHPLFDOVZHUHSXUFKDVHGIURP6LJPD$OGULFK6W/RXLV0286$XQOHVV
RWKHUZLVHVSHFLILHG
Characterization of the size, morphology and zeta potential for zinc oxide 
nanoparticles 
=LQF R[LGH QDQRSDUWLFOHV 6LJPD  VXVSHQVLRQ VWRFN ZDV SUHSDUHG LQ
SKRVSKDWH EXIIHU VDOLQH 3%6 DW  PJPO DQG WUHDWHG ZLWK XOWUDVRXQG WR PDNH
XQLIRUP GLVWULEXWLRQ 7KH SDUWLFOHV VL]H DQG ]HWD SRWHQWLDO GLVWULEXWLRQ ZHUH
GHWHUPLQHGZLWK D=HWDVL]HU +60DOYHUQ ,QVWUXPHQWV8.DIWHU WKHSUHSDUHG
GLVSHUVLRQ SHUIRUPHG IROG GLOXWLRQV ZLWK GLVWLOOHG ZDWHU 7KH SDUWLFOH VL]H DQG
VXUIDFH PRUSKRORJLHV ZHUH IXUWKHU FKDUDFWHUL]HG XVLQJ D WUDQVPLVVLRQ HOHFWURQLF
PLFURVFRSH-(0-(2/-DSDQ7KHVDPSOHVZHUHSODFHGRQFRSSHUJULGVIRU
YLHZLQJ
Culture of human brain pericytes  
+XPDQEUDLQYDVFXODUSHULF\WHVZHUHSXUFKDVHGIURP6FLHQ&HOO5HVHDUFK
/DERUDWRULHV&DUOVEDG&$86$DQGFXOWXUHGLQSHULF\WHJURZWKPHGLXPFRQWDLQV
JURZWK IDFWRUV KRUPRQHV DQG SURWHLQV 6FLHQ&HOO 5HVHDUFK /DERUDWRULHV &DWDORJ
 LQ D KXPLGLILHG DWPRVSKHUH FRQWDLQLQJ  &2 DW & &HOOV EHWZHHQ
-,$1*(7$/
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
SDVVDJHVDQGZHUHXVHGLQWKLVVWXG\
Treatment of human pericytes with ZnO-NP 
+XPDQSHULF\WHVZHUHSODWHGLQVL[ZHOOSODWHVDWDGHQVLW\RIîFHOOVSHU
ZHOO LQ D ILQDO YROXPH RI  P/ $Q DSSURSULDWH DOLTXRW RI =Q213 ZDV DGGHG WR
DFKLHYH D GHVLUHG FRQFHQWUDWLRQ /1$0(  ȝ0 RU FKORURTXLQH  ȝ0 ZDV
DGGHG LQWR WKH ZHOO ZLWK =Q213  ȝJPO DW WKH VDPH WLPH DQG WKH FHOOV ZHUH
LQFXEDWHGIRUK8ULFDFLGȝ0ZDVDGGHGKSULRUWRDGGLWLRQRI=Q213
ȝJPO&HOOVWUHDWHGZLWKLQGLFDWHGFRQFHQWUDWLRQVRI=Q213IRUKZHUHXVHGIRU
ZHVWHUQEORWWLQJRULPPXQRF\WRFKHPLVWU\DQGFHOOVWKDWZHUHQRWH[SRVHGWR=Q213
ZHUHXVHGDVFRQWURO
RNA interference 
+XPDQSHULF\WHVZHUHFXOWXUHGLQZHOOSODWHVLQJURZWKPHGLXP7UDQVIHFWLRQ
ZLWK HLWKHU GRXEOHVWUDQGHG VL51$ WDUJHWLQJ 7530 $7* RU D FRQWURO VFUDPEOH
VL51$ XVLQJ /LSRIHFWDPLQH 51$L0$; ,QYLWURJHQ  ZDV FRQGXFWHG
DFFRUGLQJ WR WKH PDQXIDFWXUHU¶V LQVWUXFWLRQV VL51$ RI 7530 VHQVH
¶8*$8&&$*&$*$$$&8*$*&*8*88¶ DQG DQWLVHQVH
¶$$&$&*&8&$*888&8*&8**$8&$¶DQGFRQWUROVFUDPEOHVL51$ZHUH
SXUFKDVHGIURP7KHUPR)LVKHU6FLHQWLILFVL51$RI$7*VFZHUHSXUFKDVHG
IURP6DQWD&UX]%LRWHFKQRORJ\7KHJHQHVLOHQFLQJHIILFDF\RIVL51$DUHGHSLFWHGLQ
VXSSOHPHQWDU\)LJXUH6
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Mice 
7KH7530.2PLFHZHUHJHQHUDWHGLQWKH&%/EDFNJURXQGDVGHWDLOHGLQ
RXUSUHYLRXVVWXGLHV%RWKZLOGW\SH&%/VWUDLQDQG7530.2PLFH
ZHUHKRXVHGXQGHUVWDQGDUGFRQGLWLRQVZLWKDKOLJKWGDUNF\FOHDQGIUHHDFFHVV
WR IRRGDQGZDWHU WRZHHNROGPDOHPLFHZHLJKLQJ±JZHUHXVHG LQ WKH
VWXG\ DQG ZHUH UDQGRPO\ DVVLJQHG WR HDFK JURXS $OO DQLPDO XVH SURFHGXUHV ZHUH
DSSURYHGE\WKH&RPPLWWHHVDW=KHMLDQJ8QLYHUVLW\DQG/HHGV8QLYHUVLW\IRUWKH&DUH
DQG 8VH RI /DERUDWRU\ $QLPDOV $OO WKH H[SHULPHQWV ZHUH SHUIRUPHG DW URRP
WHPSHUDWXUHRUVSHFLILFDOO\LQGLFDWHG 
CCK-8 assays   
$&HOO&RXQWLQJ.LW&&.DVVD\'RMLQGR&.ZDVXVHGWRPHDVXUHFHOO
YLDELOLW\+XPDQSHULF\WHVZHUHVHHGHGLQZHOOSODWHVDWDGHQVLW\RIîFHOOV
SHU ZHOO DQG LQFXEDWHG RYHUQLJKW WR DOORZ IRU FHOOV WR VHWWOH GRZQ EHIRUH EHLQJ
WUDQVIHFWHGZLWKVL51$$7*RUQHJDWLYHFRQWUROIRUK)XUWKHUPRUHWKHFXOWXUH
PHGLXPZDVFKDQJHGWRȝOIUHVKPHGLXPFRQWDLQLQJ=Q213ȝJPOZLWKRU
ZLWKRXW=9$')0.DFDVSDVHLQKLELWRUȝ0DQGLQFXEDWHGIRUIXUWKHUK&HOOV
LQHDFKZHOOZHUHLQFXEDWHGIRURQHKRXUZLWKȝOIUHVKPHGLXPFRQWDLQLQJȝO
&&. UHDJHQW )LQDOO\ WKH FHOO YLDELOLW\ ZDV GHWHUPLQHG E\ PHDVXULQJ WKH RSWLFDO
DEVRUEDQFHDWQPXVLQJDPXOWLPRGHUHDGHU%HFNPDQ&RXOWHU'7;
Injection of ZnO-NP in mice  
-,$1*(7$/
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
7KH SURFHGXUHV ZHUH DSSURYHG E\ WKH &RPPLWWHH RQ $QLPDO ([SHULPHQWV DW
=KHMLDQJ8QLYHUVLW\DQGFRQIRUPHGWRWKH*XLGHIRUWKH&DUHDQG8VHRI/DERUDWRU\
$QLPDOV SXEOLVKHG E\ WKH 86 1DWLRQDO ,QVWLWXWHV RI +HDOWK 1,+ 3XEOLFDWLRQ 1R
UHYLVHG7KHPDOHPLFHZHUHLQMHFWHGZLWKP/RIPJPO=Q213
YLDWKHWDLOYHLQ7KHFRQWUROPLFHZHUHLQMHFWHGZLWKDVDPHYROXPHRIYHKLFOH)RU
LPPXQRKLVWRFKHPLFDO DQDO\VLV PLFH ZHUH DQHVWKHWLVHG WKURXJK GLHWK\O HWKHU
LQKDODWLRQ LQ D FKDPEHU  K SRVWLQMHFWLRQ DQG WKHLU EUDLQV ZHUH UHPRYHG IRU
DQDO\VLV 
Injection of adenovirus vector carrying mRFP-GFP-LC3 in mice  
$GHQRYLUXV YHFWRU FDUU\LQJ P5)3*)3/& FRQVWUXFW +DQELR %LRWHFKQRORJ\
6KDQJKDL&KLQDZDVLQMHFWHGLQWRWKHELODWHUDOYHQWULFOHRYHUDPLQGXUDWLRQXVLQJ
D+DPLOWRQPLFURV\ULQJHZLWKWKHFRRUGLQDWHVRIPPFDXGDOWRWKHEUHJPDPP
ODWHUDOWRWKHPLGOLQHDQGPPGHSWKIURPWKHVNXOOVXUIDFHXQGHUWKHJXLGDQFHRID
VWHUHRWD[LF LQVWUXPHQW7ZRZHHNV IROORZLQJ LQMHFWLRQ WKHPDOHPLFHZHUH LQMHFWHG
ZLWKP/RIPJPO=Q213viaWKHWDLOYHLQ7KHDGHQRYLUXVEDWFKHVXVHGIRU
H[SHULPHQWV KDG FRPSDUDEOH WLWUHV UDQJLQJ IURP  î  WR  î  LQWHJUDWLRQ
XQLWVPO 9LUXV VXVSHQVLRQV ZHUH VWRUHG DW & XQWLO XVH DQG ZHUH EULHIO\
FHQWULIXJHGDQGNHSWRQLFHLPPHGLDWHO\EHIRUHLQMHFWLRQ 
Western blotting  
:HVWHUQ EORWWLQJ ZDV FDUULHG RXW E\ 6'6 SRO\DFU\ODPLGH JHO HOHFWURSKRUHVLV
-,$1*(7$/


6'63$*( DV GHVFULEHG SUHYLRXVO\  %ULHIO\ FHOOV ZHUH KRPRJHQL]HG LQ WKH
KRPRJHQL]LQJEXIIHUFRQWDLQLQJP07ULV+&OS+7ULWRQ;P0
(*7$P0('7$P01D92P0VRGLXPS\URSKRVSKDWHP01D)
 Q0 FDO\FXOLQ $  JPO OHXSHSWLQ  JPO SHSVWDWLQ $  JPO WU\SVLQ
LQKLELWRUDQGPPRO/GLWKLRWKUHLWRO)RU7530GHWHFWLRQPHPEUDQHIUDFWLRQDWLRQ
IURP FHOO O\VDWHV ZDV SHUIRUPHG DV ZH SUHYLRXVO\ GHVFULEHG  7KH IROORZLQJ
SULPDU\ DQWLERGLHV ZHUH XVHG QLWURW\URVLQH  0HUFN 0LOOLSRUH 
7530 $EFDP DE /&  6LJPD $OGULFK /
3KRVSKR6$3.-1.7KU7\U  &HOO 6LJQDOLQJ 7HFKQRORJ\ 
-1. 6DQWD &UX] %LRWHFKQRORJ\ VF ,5(Į  &HOO 6LJQDOLQJ
7HFKQRORJ\  3KRVSKR3(5. 7KU  6DQWD &UX] %LRWHFKQRORJ\
VF 3(5.  &HOO 6LJQDOLQJ 7HFKQRORJ\  &+23  &HOO
6LJQDOLQJ 7HFKQRORJ\  FDVSDVH   DFWLYH IRUP %LRYLVLRQ 
FDYHROLQ  &HOO 6LJQDOLQJ 7HFKQRORJ\  DQG ȕDFWLQ  6LJPD
$OGULFK$  3URWHLQLQWHQVLWLHVZHUHDQDO\]HGE\,PDJH-VRIWZDUH1,+DQG
QRUPDOL]HG DJDLQVW WKH ȕDFWLQ RU FDYHROLQ EDQG LQ WKH PDWFKHG H[SHULPHQWV )RU
LPPXQRSUHFLSLWDWLRQ FHOOV ZHUH O\VHG LQ WKH O\VLV EXIIHU  P0 7ULV+&O S+
13P01D&OP0('7$VXSSOHPHQWHGZLWKDFRPSOHWHSURWHDVH
LQKLELWRU FRFNWDLO 5RFKH &HOO O\VDWHV ZHUH LQFXEDWHG ZLWK  ȝJ RI LQGLFDWHG
DQWLERGLHV IRU RYHUQLJKW DW & IROORZHG E\ LQFXEDWLRQ DW & ZLWK SURWHLQ
$*DJDURVHEHDGVIRUK,PPXQRSUHFLSLWDWHGVDPSOHVZHUHZDVKHGVL[WLPHVZLWK
-,$1*(7$/


O\VLVEXIIHUHOHFWURSKRUHVHGRQ6'63$*(DQGVXEMHFWHGWR:HVWHUQEORWDQDO\VLVDV
GHVFULEHGDERYH$OOIXOOXQHGLWHGEORWDUHGLVSOD\HGLQ6XSSOHPHQWDU\)LJ6 
Transmission electron microscopy 
7KH XOWUDVWUXFWXUHV RI KXPDQ SHULF\WHV ZDV GHWHUPLQHG XVLQJ WUDQVPLVVLRQ
HOHFWURQ PLFURVFRS\ &HOOV ZHUH ZDVKHG WZLFH ZLWK 3%6 DQG IL[HG LQ 
JOXWDUDOGHK\GH LQ 3%6 S+  7KH IL[HG FHOOV ZHUH GHWDFKHG E\ JHQWOH VFUDSLQJ
SHOOHWHG IL[HG LQ  RVPLXP WHWUR[LGH DQG LPDJHG XVLQJ D 3KLOLSV 7HFQDL 
WUDQVPLVVLRQHOHFWURQPLFURVFRSH3KLOLSV+ROODQG 
Immunofluorescence confocal microscopy 
,PPXQRORFDOL]DWLRQDQGFKDQJHVLQ/&LQSHULF\WHVZHUHH[DPLQHGE\FRQIRFDO
PLFURVFRS\%ULHIO\DIWHULQGLFDWHGWUHDWPHQWFHOOVVHHGHGRQFRYHUVOLSVZHUHZDVKHG
 WLPHV LQ 3%6 DQG IL[HG LQ  IRUPDOGHK\GH 7R TXDQWLI\ /&SRVLWLYH YHVLFOHV
FHOOVZHUH WUDQVIHFWHGZLWKP5)3*)3/&SODVPLGRUZHUHIL[HGDQGVWDLQHGZLWK
DQWL/&DQWLERG\&HOO6LJQDOLQJ7HFKQRORJ\,PDJHVZHUHDFTXLUHGXVLQJD
1LNRQ$5FRQIRFDOPLFURVFRSHZLWKDîRLO LPPHUVLRQ OHQVDWîSL[HO
UHVROXWLRQ 7KH DYHUDJH QXPEHU RI *)3 RU P5)3/& SXQFWD SHU FHOO ZDV
GHWHUPLQHG E\ XVLQJ DQ ,PDULV ,PDJLQJ 6RIWZDUH %LWSODQH  )RU WLPHODSVH
FRQIRFDOLPDJLQJRIOLYHFHOOVDIWHUWUDQVIHFWHGZLWKP5)3*)3/&SODVPLGKXPDQ
SHULF\WHV ZHUH FXOWXUHG RQ JODVVERWWRPHG GLVKHV RYHUQLJKW DQG LQFXEDWHG ZLWK RU
ZLWKRXW=Q213 ȝJPO7KH FKDQJHV LQ*)3DQG P5)3 IOXRUHVFHQFH LQWHQVLW\
-,$1*(7$/


ZHUHFDSWXUHGE\2O\PSXV,;FRQIRFDOPLFURVFRSHIRUPLQZKLFKHTXLSSHG
ZLWKDîRLOLPPHUVLRQOHQVDSRO\FKURPH,9OLJKWVRXUFH7LOO3KRWRQLFVD
'&;5EHDPVSOLWWHUDQGD&&'FDPHUD$1'25L;RQ
7RLPPXQRODEHOWKHPRXVHEUDLQVHFWLRQVVOLFHVZHUHLQFXEDWHGZLWKDQWLERGLHV
DJDLQVW /&  &HOO 6LJQDOLQJ 7HFKQRORJ\  DOSKVPRRWK PXVFOH DFWLQ
$EFDPDEDQGODPLQLQ$EFDPDERYHUQLJKWDW&$IWHU
ZDVKLQJ WKH VOLFHVZHUH LQFXEDWHGZLWK$OH[D IOXRU FRQMXJDWHG DQWLUDEELW ,J*
,QYLWURJHQ$DQGRU$OH[DIOXRUFRQMXJDWHGDQWLPRXVH,J*,QYLWURJHQ
$ LQ7ULV1D&OEORFNLQJEXIIHU  13 D IOXRUHVFHQW VZLWFKRQSUREH
ZDVXVHGWRH[DPLQHWKH2122IRUPDWLRQDVSUHYLRXVO\UHSRUWHG7RPLQLPL]H
QRQVSHFLILFVWDLQLQJWKHH[SHULPHQWVLQFOXGHDQHJDWLYHFRQWUROXVLQJWKH,J*ZLWKQR
SULPDU\DQWLERG\6XSSOHPHQWDU\)LJ6,PPXQRIOXRUHVFHQFHZDVFDSWXUHGXVLQJ
D=HLVV/60FRQIRFDOPLFURVFRSH7KHQXPEHURIWKHGLVFRQQHFWHGSDWFK\SDUWV
ZHUH DQDO\]HG E\ ,PDULV ,PDJLQJ 6RIWZDUH %LWSODQH 7KH ' ILOOHG SORWV ZHUH
SURFHVVHGE\XVLQJ,PDJH-YZLWKWKHDFFRPSDQLHGµ,QWHUDFWLYH'6XUIDFH3ORW¶
SOXJLQ
TUNEL assay 
$SRSWRWLFFHOOGHDWKZDV DVVHVVHGXVLQJDWHUPLQDOGHR[\QXFOHRWLG\OWUDQVIHUDVH
G873 QLFN HQG ODEHOLQJ 781(/ VWDLQLQJ   ,PDJHV ZHUH UHFRUGHG DIWHU
FRXQWHUVWDLQLQJ ZLWK '$3, DQG SHULF\WHV ZHUH LGHQWLILHG E\ SKDVH LPDJH )LYH
-,$1*(7$/


UDQGRPILHOGVZHUHH[DPLQHGRQHDFKFRYHUVOLSDQGWKHH[SHULPHQWVZHUHUHSHDWHG
WLPHV$SRSWRWLFFHOOGHDWKZDVSUHVHQWHGDV WKHSHUFHQWDJHRI781(/FHOOV LQ WKH
WRWDOQXPEHURIFHOOV LGHQWLILHGE\'3$,VWDLQLQJ,QDGGLWLRQ WKHFDVSDVHDFWLYLW\
DVVD\ NLW $EFDP DE ZHUH DOVR XVHG WR VWXG\ WKH HIIHFW RI VL51$ PHGLDWHG
NQRFNGRZQRI$WJRU7530H[SUHVVLRQRQFHOOGHDWK&ROOHFWHGWKHFHOOVDPSOHV
ZLWK LQGLFDWHG FRQGLWLRQV DQG VXVSHQGHG FHOOV LQ /RI LFH FROG FHOO O\VLV EXIIHU
SURYLGHGE\DVVD\NLW ,QFXEDWHGZLWK UHDFWLRQEXIIHUDQG ,(7'p1$VXEVWUDWHDIWHU
WUDQVIHUWKHVXSHUQDWDQW'HWHFWHGRQDPLFURSODWHUHDGHU%HFNPDQ&RXOWHU'7;
DW2'QPDVGHVFULEHGLQLQVWUXFWLRQV
Propidium iodide flow cytometry analysis 
)ORZ F\WRPHWULF DVVD\V WR HYDOXDWH FHOO GHDWK E\ SURSLGLXP LRGLGH 3,
6LJPD$OGULFK3VWDLQLQJZHUHSHUIRUPHGHVVHQWLDOO\DVSUHYLRXVO\GHVFULEHG
IROORZLQJWKHPDQXIDFWXUHU¶VLQVWUXFWLRQV%ULHIO\KXPDQSHULF\WHFHOOVDIWHUWUHDWHG
ZLWK LQGLFDWHGFRQGLWLRQVZHUH LQFXEDWHG LQ VROXWLRQVFRQWDLQLQJ ȝJPO3,
ȝJPO51DVH$7ULWRQ;DWURRPWHPSHUDWXUHIRUPLQLQWKHGDUN$W
OHDVW  î  FHOOV ZHUH DQDO\]HG IRU HDFK VDPSOH XVLQJ D )$&6&DOLEXU IORZ
F\WRPHWHU%'%LRVFLHQFHV
In vitro protein nitration of TRPM2 and mass spectrometry analysis 
$PJSRUWLRQRIUHFRPELQDQW7530ZDVUHDFWHGZLWKP02122IRU
KLQP0SKRVSKDWHEXIIHUS+FRQWDLQLQJ/DXU\Oȕ'PDOWRVLGH
-,$1*(7$/
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
7KHPL[WXUHZDV WUHDWHGZLWKRI HWKDQRO DW& IRUPLQ DQGFHQWULIXJHGDW
 g IRU  PLQ 7KH 2122WUHDWHG 7530  ȝJODQH ZDV VXEMHFWHG WR
6'63$*(DQGVLOYHUVWDLQLQJ7KHSURWHLQEDQGZLWKDVL]HFRUUHVSRQGLQJWRWKDWRI
WKH UHFRPELQDQW 7530 SHSWLGH ZDV H[FLVHG DQG IXUWKHU SUHSDUHG IRU PDVV
VSHFWURPHWU\ DQDO\VLV 6HTXHQFH LQIRUPDWLRQ IURP WKH 0606 GDWD ZDV SURFHVVHG
XVLQJWKH0DVFRWDFWLYHSHUOVFULSWZLWKVWDQGDUGGDWDSURFHVVLQJSDUDPHWHUV
 'DWDEDVH ZDV VHDUFKHG ZLWK 0$6&27  0DWUL[ 6FLHQFH %RVWRQ 0$ $V
FRPSDUHGWRWKHSURWHLQXQWUHDWHGZLWK2122DQLWUDWHGSHSWLGHZDVGHWHUPLQHGE\
DPDVVVKLIWRI'DWRWKHFRUUHVSRQGLQJ\DQGELRQV
Site-directed mutagenesis, plasmid constructs and transfection 
3&5EDVHGVLWHGLUHFWHGPXWDJHQHVLVZDVSHUIRUPHGDVGHWDLOHGSUHYLRXVO\
,Q EULHI WKH IXOOOHQJWK KXPDQ 7530 VHTXHQFH ZLWK &WHUPLQDO *OX*OX WDJ LQ
SF'1$YHFWRUZDVXVHGDVD'1$WHPSODWH7KHIRUZDUGDQGUHYHUVHSULPHUV
XVHGZHUH
$**&*&$7&&&$&7&7&7*&*$$&&$&$$*$&&
 DQG

**7&77*7**77&*&$*$*$*7***$7*&*&&
 UHVSHFWLYHO\7KH
PXWDWLRQZDVFRQILUPHGE\VHTXHQFLQJ 
+XPDQSHULF\WHVFXOWXUHGLQVL[ZHOOSODWHVLQJURZWKPHGLXPZHUHWUDQVIHFWHG
ZLWK SODVPLG HQFRGLQJ WKH ZLOGW\SH DQG <6 PXWDQW 7530 SURWHLQ RU DQ
HPSW\ SODVPLG DV FRQWURO XVLQJ /LSRIHFWDPLQH  ,QYLWURJHQ /
6XSSOHPHQWDU\)LJ6$DQG%7KHWUDQVIHFWLRQPHGLXPZDVUHSODFHGZLWKIUHVK
-,$1*(7$/
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
JURZWKPHGLXPK ODWHU DQG WKH FHOOV ZHUH FROOHFWHG IRU H[SHULPHQWV  GD\V DIWHU
WUDQVIHFWLRQ )RU HOHFWURSK\VLRORJLFDO VWXG\ VKRZQ LQ 6XSSOHPHQWDU\ )LJXUH 6 WKH
ZLOGW\SH DQG <6 PXWDQW 7530 FKDQQHOV ZHUH WUDQVLHQWO\ H[SUHVVHG LQ
+(.FHOOVDVGHVFULEHGLQRXUSUHYLRXVVWXG\
Whole-cell patch clamp recording  
:KROHFHOO SDWFKFODPS UHFRUGLQJV ZHUH SHUIRUPHG XVLQJ $[RQSDWFK %
DPSOLILHU DV SUHYLRXVO\ GHVFULEHG IURP WHWUDF\FOLQHLQGXFLEOH +(. FHOOV VWDEO\
H[SUHVVLQJKXPDQ7530K7530FKDQQHOLQGXFHGZLWKȝJPOWHWUDF\FOLQHIRU
 K DQG DOVR IURP +(. FHOOV WUDQVLHQWO\ WUDQVIHFWHG ZLWK WKH ZLOG W\SH RU
<6PXWDQWKXPDQ7530FKDQQHO 6XSSOHPHQWDU\)LJ6&DQG'%HIRUH
UHFRUGLQJ FHOOV ZHUH H[SRVHG WR =Q213  ȝJPO ZLWK RU ZLWKRXW
PRUSKROLQRV\GQRQLPLQH6,1P0/1$0(ȝ0DQGXULFDFLG8$
ȝ0&KDQJHRI WKHH[WUDFHOOXODU VROXWLRQVZDVSHUIRUPHGE\XVLQJD56&
V\VWHP %LRORJLF 6FLHQFH ,QVWUXPHQWV 7KH PHPEUDQH SRWHQWLDO ZDV KHOG DW  P9
9ROWDJHUDPSVZLWKPVGXUDWLRQIURPP9WRP9ZHUHDSSOLHGHYHU\V
'DWDZHUHDFTXLUHGDWN+]DQGILOWHUHGRIIOLQHDW+])RUDQDO\VLVWKHPHDQRI
WKH ILUVW WKUHH UDPSV EHIRUH FKDQQHO DFWLYDWLRQ ZDV XVHG IRU OHDNVXEWUDFWLRQ RI DOO
VXEVHTXHQWFXUUHQWUHFRUGV 
Statistical analysis 
5HVXOWVDUHVKRZQDVPHDQ6(0ZKHUHDSSURSULDWHO\)RUDOO:HVWHUQEORW
-,$1*(7$/
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
LPPXQRKLVWRFKHPLVWU\ FHOO YLDELOLW\ DVVD\ DQG SDWFK FODPS UHFRUGLQJ H[SHULPHQWV
XQOHVVRWKHUZLVHVSHFLILHGEHORZRQHZD\$129$IROORZHGE\7XNH\¶Vpost hocWHVW
ZHUHXVHGIRUFRPSDULVRQVDPRQJWKUHHRUPRUHJURXSV)RU781(/DVVD\DQGRWKHU
H[SHULPHQWVXQSDLUHG WZRWDLOHG6WXGHQW¶V tWHVWZDVXVHG IRU FRPSDULVRQVEHWZHHQ
WZRJURXSV6WDWLVWLFDODQDO\VHVZHUHFDUULHGRXWXVLQJ*UDSK3DG3ULVP*UDSK3DG
6RIWZDUH$QGPZDVFRQVLGHUHGWREHVWDWLVWLFDOO\VLJQLILFDQW
-,$1*(7$/
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
$FNQRZOHGJPHQWV
7KLVZRUNZDVVXSSRUWHG LQSDUWE\1DWLRQDO1DWXUDO6FLHQFH)RXQGDWLRQVRI&KLQD
    1DWLRQDO %DVLF 5HVHDUFK 3URJUDP
RI &KLQD &% &% 7KH =KHMLDQJ 3URYLQFH 3URJUDP IRU
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5266HQVLWLYH&D6LJQDOLQJ0HFKDQLVPVLQ,PPXQH&HOOVFront Immunol

 6]DER & ,VFKLURSRXORV + DQG 5DGL 5 3HUR[\QLWULWH ELRFKHPLVWU\
SDWKRSK\VLRORJ\DQGGHYHORSPHQWRIWKHUDSHXWLFVNAT REV DRUG DISCOV

 7DQ 6+ 6KXL * =KRX - 6KL < +XDQJ - ;LD ' :HQN 05 DQG 6KHQ +0
&ULWLFDO UROH RI 6&' LQ DXWRSKDJ\ UHJXODWLRQ YLD OLSRJHQHVLV DQG OLSLG
UDIWVFRXSOHG $.7)2;2 VLJQDOLQJ SDWKZD\ AUTOPHAGY  

 7DR55+XDQJ-<6KDR;-<H:)7LDQ</LDR0+)XNXQDJD./RX<-
-,$1*(7$/


+DQ)DQG/X<0,VFKHPLFLQMXU\SURPRWHV.HDSQLWUDWLRQDQGGLVWXUEDQFHRI
DQWLR[LGDWLYH UHVSRQVHV LQ HQGRWKHOLDO FHOOV DSRWHQWLDO YDVRSURWHFWLYHHIIHFW RI
PHODWRQLQJ PINEAL RES
 7DR55-L<//X<0)XNXQDJD.DQG+DQ)7DUJHWLQJQLWURVDWLYHVWUHVVIRU
QHXURYDVFXODU SURWHFWLRQ QHZ LPSOLFDWLRQV LQ EUDLQ GLVHDVHV CURR DRUG 
TARGETS
 7DR55:DQJ++RQJ/-+XDQJ-</X<0/LDR0+<H:)/X11=KX
'<+XDQJ4)XNXQDJD./RX<-6KRML ,:LOFR[&6/DL(<DQG+DQ)
1LWURVDWLYHVWUHVV LQGXFHVSHUR[LUHGR[LQXELTXLWLQDWLRQGXULQJ LVFKHPLF LQVXOW 
YLD($3DFWLYDWLRQLQHQGRWKHOLDOFHOOVERWKLQYLWURDQGLQYLYRAntioxid Redox 
Signal
 :LQNOHU ($ 6DJDUH $3 DQG =ORNRYLF %9 7KH SHULF\WH D IRUJRWWHQ FHOO W\SH
ZLWK LPSRUWDQW LPSOLFDWLRQV IRU $O]KHLPHU
V GLVHDVH" BRAIN PATHOL 

 :RQJ&++HLW%DQG.XEHV30ROHFXODU UHJXODWRUVRI OHXFRF\WHFKHPRWD[LV
GXULQJLQIODPPDWLRQCARDIOVASC RES
 <DQJ:0DQQD37=RX-/XR-%HHFK'-6LYDSUDVDGDUDR$DQG-LDQJ/+
=LQF LQDFWLYDWHVPHODVWDWLQ WUDQVLHQW UHFHSWRUSRWHQWLDO  FKDQQHOVYLD WKHRXWHU
SRUHJ BIOL CHEM
 <DR < &KHQ =/ 1RUULV (+ DQG 6WULFNODQG 6 $VWURF\WLF ODPLQLQ UHJXODWHV
SHULF\WH GLIIHUHQWLDWLRQ DQG PDLQWDLQV EORRG EUDLQ EDUULHU LQWHJULW\ NAT 
COMMUN
 <H 0 <DQJ : $LQVFRXJK -) +X ;3 /L ; 6HGR $ =KDQJ ;+ =KDQJ ;
&KHQ=/L;0%HHFK'-6LYDSUDVDGDUDR$/XR-+DQG-LDQJ/+7530
FKDQQHO GHILFLHQF\ SUHYHQWV GHOD\HG F\WRVROLF =Q DFFXPXODWLRQ DQG &$
S\UDPLGDOQHXURQDOGHDWKDIWHUWUDQVLHQWJOREDO LVFKHPLDCELL DEATH DIS
H
 <HPLVFL0*XUVR\2]GHPLU<9XUDO$&DQ$7RSDONDUD.DQG'DONDUD7
3HULF\WH FRQWUDFWLRQ LQGXFHG E\ R[LGDWLYHQLWUDWLYH VWUHVV LPSDLUV FDSLOODU\
UHIORZGHVSLWHVXFFHVVIXORSHQLQJRIDQRFFOXGHGFHUHEUDODUWHU\NAT MED

 <X:-LDQJ/+=KHQJ<+X;/XR-DQG<DQJ:,QDFWLYDWLRQRI7530
FKDQQHOVE\H[WUDFHOOXODUGLYDOHQWFRSSHUPLOS ONEH
 =KDQJ:&KX;7RQJ4&KHXQJ-<&RQUDG.0DVNHU.DQG0LOOHU%$$
QRYHO7530LVRIRUPLQKLELWVFDOFLXPLQIOX[DQGVXVFHSWLELOLW\WRFHOOGHDWKJ 
BIOL CHEM
 =KDQJ;<XDQ<-LDQJ/=KDQJ-*DR-6KHQ==KHQJ<'HQJ7<DQ+/L
:+RX::/X-6KHQ<'DL++X::=KDQJ=DQG&KHQ=(QGRSODVPLF
UHWLFXOXP VWUHVV LQGXFHG E\ WXQLFDP\FLQ DQG WKDSVLJDUJLQ SURWHFWV DJDLQVW
WUDQVLHQW LVFKHPLF EUDLQ LQMXU\ ,QYROYHPHQW RI 3$5.GHSHQGHQW PLWRSKDJ\
AUTOPHAGY
 =RX - $LQVFRXJK -) <DQJ : 6HGR $ <X 63 0HL == 6LYDSUDVDGDUDR $
-,$1*(7$/


%HHFK'-DQG-LDQJ/+$GLIIHUHQWLDOUROHRIPDFURSKDJH7530FKDQQHOVLQ
&DVLJQDOLQJDQGFHOOGHDWK LQHDUO\UHVSRQVHV WR+2Am J Physiol 
Cell Physiol&&

-,$1*(7$/


)LJXUHOHJHQGV
)LJXUH&KDQJHVLQDXWRSKDJ\O\VRVRPHVLJQDOLQJGXULQJSHULF\WHLQMXU\ 
$ 5HSUHVHQWDWLYH ZHVWHUQ EORWV VKRZLQJ WKH FKDQJHV RI /&, DQG /&,, LQ
SHULF\WHV DIWHU WUHDWPHQWV ZLWK LQGLFDWHG FRQFHQWUDWLRQV RI =Q213 IRU  K %
4XDQWLWDWLYHDQDO\VHVRIUHVXOWVDVVKRZQLQ$DQGSUHVHQWHGWKHEDUJUDSKDVWKH
GHQVLWRPHWU\ UDWLR RI FRQWURO IURP  LQGHSHQGHQW H[SHULPHQWV P   P 
 YHUVXV FRQWURO & 5HSUHVHQWDWLYH HOHFWURQ PLFURVFRSLF LPDJHV VKRZLQJ
DXWRSKDJ\YDFXROHVLQFRQWUROSHULF\WHVDQGFHOOVWUHDWHGZLWKȝJPO=Q213IRU
K 'RXEOH DUURZV DXWRSKDJRVRPH VLQJOH DUURZ O\VRVRPH ' 5HSUHVHQWDWLYH
FRQIRFDOPLFURVFRSLFLPDJHVVKRZLQJ/&SXQFWDLQFHOOVXQGHULQGLFDWHGFRQGLWLRQV
7KHDXWRSKDJ\ IOX[ZDVH[DPLQHG LQFHOOVDIWHU=Q213H[SRVXUH IRUK (7KH
DYHUDJHQXPEHURI/&SXQFWDSHUFHOOLQFRQWUROFHOOVDQGFHOOVWUHDWHGZLWK=Q213
Q    FHOOV DQDO\]HG IRU HDFK FRQGLWLRQ P   YHUVXV FRQWURO )
5HSUHVHQWDWLYH LPDJHV DW LQGLFDWHG WLPH SRLQWV RI SHULF\WHV WUDQVIHFWHG ZLWK
P5)3*)3/& ZLWKRXW FRQWURO XSSHU SDQHO RU ZLWK H[SRVXUH WR  ȝJPO
=Q213 ERWWRP SDQHO IRU  PLQ 7KH LQVHUWV VKRZLQJ PDJQLILHG LPDJHV RI
*)3/& DQG P5)3/& SXQFWD  * =Q213 LQGXFHG DXWRSKDJ\ E\ HQKDQFLQJ
DXWRSKDJRVRPH IRUPDWLRQ =Q213 WUHDWPHQW LQFUHDVHG WKH UHODWLYH OHYHO RI /&,,
DQG %DILORP\FLQ $ %DI$ FDXVHG D IXUWKHU LQFUHDVH 7KH LQVHUWV VKRZLQJ
PDJQLILHG LPDJHVRI*)3/&DQGP5)3/&SXQFWD+7KHDYHUDJHQXPEHURI
*)3/&RU5)3/&SXQFWDSHUFHOOLQFRQWUROFHOOVDQG=Q213WUHDWHGFHOOVQ 
FHOOVDQDO\]HGIRUHDFKFRQGLWLRQP YHUVXVFRQWUROP YHUVXV
=Q213WUHDWPHQWDORQH
)LJXUH  7530 NQRFNGRZQ EORFNV GLVWXUEDQFH RI DXWRSKDJ\ IOX[ GXULQJ
SHULF\WHLQMXU\
$ 5HSUHVHQWDWLYH ZHVWHUQ EORWV VKRZLQJ WKH FKDQJH LQ 7530 SURWHLQ OHYHOV LQ
-,$1*(7$/


SHULF\WHVDIWHUWUHDWPHQWZLWKȝJPO=Q213IRULQGLFDWHGGXUDWLRQV1RWHWKDWDQ
LQFUHDVH LQ WKH H[SUHVVLRQ RI 75306 UHYHDOHG XSRQ VKRUW H[SRVXUH %
4XDQWLWDWLYHDQDO\VHVRIWKHUHVXOWVDVVKRZQLQ$DQGSUHVHQWHGLQWKHEDUJUDSKDV
WKHGHQVLWRPHWU\UDWLRRIWKHFRQWUROIURPLQGHSHQGHQWH[SHULPHQWVP DQG
P   YHUVXV FRQWURO & 5HSUHVHQWDWLYH ZHVWHUQ EORW VKRZLQJ
=Q213LQGXFHG /&,, DFFXPXODWLRQ LQ FRQWURO SHULF\WHV RU FHOOV WUDQVIHFWHG ZLWK
VFUDPEOHVL51$VL6FUDPEOHRU7530VL51$VL7530&HOOVZHUHH[SRVHG WR
ȝJPO=Q213IRUK'4XDQWLWDWLYHDQDO\VHVRIWKHUHVXOWVDVVKRZQLQ&
DQG SUHVHQWHG LQ WKH EDU JUDSK DV WKH GHQVLWRPHWU\ UDWLR RI WKH FRQWURO IURP 
LQGHSHQGHQW H[SHULPHQWV P   YHUVXV FRQWURO P YHUVXV =Q213
WUHDWPHQW DORQH ( 5HSUHVHQWDWLYH ZHVWHUQ EORW VKRZLQJ =Q213LQGXFHG /&,,
DFFXPXODWLRQ LQ SHULF\WHV WUHDWHG ZLWK LQGLFDWHG FRQGLWLRQV &HOOV ZHUH H[SRVHG WR
=Q213RUFKORURTXLQHIRULQGLFDWHGWLPH)4XDQWLWDWLYHDQDO\VHVRIWKHUHVXOWDV
VKRZQLQ(DQGSUHVHQWHGLQWKHEDUJUDSKDVWKHGHQVLWRPHWU\UDWLRRI WKHFRQWURO
IURPLQGHSHQGHQWH[SHULPHQWVP P DQGP YHUVXVFRQWURO
P ZKHQFRPSDUHGZLWKWKHLQGLFDWHGJURXS 
)LJXUH7530NQRFNGRZQUHGXFHVDSRSWRVLVDQG(5VWUHVVGXULQJSHULF\WH
LQMXU\ 
$ 5HSUHVHQWDWLYH LPDJHV VKRZLQJ 781(/ JUHHQ DQG '$3, VWDLQLQJ EOXH LQ
SHULF\WHVXQGHULQGLFDWHGFRQGLWLRQV3HULF\WHVZHUHWUDQVIHFWHGZLWK7530VL51$
VL7530DQGWKHQWUHDWHGZLWKȝJPO=Q213IRUK%0HDQSHUFHQWDJHRI
781(/SRVLWLYHSHULF\WHVXQGHULQGLFDWHGFRQGLWLRQVIURPLQGHSHQGHQWH[SHULPHQWV
P   YHUVXV =Q213 WUHDWPHQW DORQH XVLQJ XQSDLUHG 6WXGHQW¶V tWHVW &
5HSUHVHQWDWLYHZHVWHUQEORWVKRZLQJ=Q213LQGXFHG(5VWUHVVVLJQDOLQJLQFRQWURO
SHULF\WHV RU FHOOV WUDQVIHFWHG ZLWK VFUDPEOHVL51$ VL6FUDPEOH RU 7530VL51$
VL7530 &HOOV ZHUH H[SRVHG WR  ȝJPO =Q213 IRU  K 'HQVLWRPHWU\ RI
SKRVSKR-1.'SKRVSKR3(5.(DQG&+23)OHYHOVLQFHOOVXQGHULQGLFDWHG
-,$1*(7$/


FRQGLWLRQV &HOOV ZHUH WUHDWHG ZLWK  ȝJPO =Q213 IRU  K P   YHUVXV
FRQWUROP YHUVXV=Q213WUHDWPHQWDORQH*5HSUHVHQWDWLYHZHVWHUQEORW
VKRZLQJ =Q213LQGXFHG (5 VWUHVV VLJQDOLQJ LQ SHULF\WHV WUHDWHG ZLWK LQGLFDWHG
FRQGLWLRQV &HOOV ZHUH H[SRVHG WR =Q213 RU FKORURTXLQH IRU LQGLFDWHG WLPH
7530GHSHQGHQW (5 VWUHVVDXWRSKDJ\ D[LV GLVWXUEDQFH DVVRFLDWHV ZLWK
=Q213LQGXFHG SHULF\WH LQMXU\ + 5HSUHVHQWDWLYH ZHVWHUQ EORW VKRZLQJ 7530
NQRFNGRZQUHGXFHGSHULF\WHLQMXU\IROORZLQJWUHDWPHQWZLWKȝJPO=Q213IRU
K 
)LJXUH$7*NQRFNGRZQUHGXFHV=Q213LQGXFHGDSRSWRVLV 
$5HSUHVHQWDWLYH LPDJHVVKRZLQJGRXEOHVWDLQLQJZLWK781(/JUHHQDQG'$3,
EOXH LQ SHULF\WHV DIWHU WUHDWPHQW ZLWK =Q213  ȝJPO IRU  K % 0HDQ
SHUFHQWDJHRI718/SRVLWLYHSHULF\WHVXQGHULQGLFDWHGFRQGLWLRQVIURPLQGHSHQGHQW
H[SHULPHQWV P YHUVXV=Q213 WUHDWPHQWDORQHXVLQJXQSDLUHG6WXGHQW¶V
tWHVW$SRSWRVLVZDVGUDPDWLFDOO\UHGXFHGIROORZLQJWUDQVIHFWLRQZLWK$7*VL51$
VL$7* LQ FHOOV DIWHU =Q213 WUHDWPHQW & 6XPPDU\ RI WKH PHDQ FHOO YLDELOLW\
XQGHU LQGLFDWHG FRQGLWLRQV GHWHUPLQHG LQ &&. DVVD\V IURP  LQGHSHQGHQW
H[SHULPHQWV 7KH HIIHFW RI =9$')0. D FDVSDVH LQKLELWRU RQ FHOO YLDELOLW\ DOVR
H[DPLQHGP YHUVXVFRQWUROP YHUVXV=Q213WUHDWPHQWDORQH
' 5HSUHVHQWDWLYH ZHVWHUQ EORW VKRZLQJ =Q213LQGXFHG FDVSDVH FOHDYDJH DQG
/&,, DFFXPXODWLRQ LQ FRQWURO SHULF\WHV RU FHOOV WUDQVIHFWHG ZLWK $7*VL51$
VL$7*&HOOVZHUHH[SRVHGWRȝJPO=Q213IRUK(4XDQWLWDWLYHDQDO\VHV
RI WKH UHVXOWV DV VKRZQ LQ ' DQG SUHVHQWHG LQ WKH EDU JUDSK IURP  LQGHSHQGHQW
H[SHULPHQWV P  YHUVXV FRQWURO P YHUVXV=Q213 WUHDWPHQW DORQH
&WUOFRQWURO(UURUEDUVUHSUHVHQWPHDQ6(0 )5HODWLYHFDVSDVHDFWLYLW\DV
PHDVXUHGE\RSWLFDOGHQVLW\2'DWQPLQFRQWUROSHULF\WHVRUFHOOVWUDQVIHFWHG
ZLWK VFUDPEOHVL51$ VL6FUDPEOH 7530VL51$ VL7530 DQG $7*VL51$
VL$7* &HOOV ZHUH H[SRVHG WR  ȝJPO =Q213 IRU  K 'DWD ZHUH IURP 
-,$1*(7$/


LQGHSHQGHQW H[SHULPHQWV P   YHUVXV FRQWURO P   YHUVXV =Q213
WUHDWPHQWDORQH*5HSUHVHQWDWLYHIORZF\WRPHWULFGRWSORWVRIDSRSWRWLFFHOOVXQGHU
LQGLFDWHG FRQGLWLRQV DIWHU =Q213 WUHDWPHQW ZLWK RU ZLWKRXW WUDQVIHFWLRQ 3HULF\WHV
ZHUHWUHDWHGZLWK=Q213IRUKDIWHUWUDQVIHFWLRQZLWKVL51$IRU7530RU$7*
&HOOVZHUHVWDLQHGZLWK3,DQGDQDO\]HGE\)$&6 +4XDQWLWDWLYHDQDO\VHVRI WKH
UHVXOWV DV VKRZQ LQ * DQG SUHVHQWHG LQ WKH EDU JUDSK IURP  LQGHSHQGHQW
H[SHULPHQWV P   YHUVXV FRQWURO P   P   YHUVXV =Q213
WUHDWPHQWDORQH
)LJXUH1LWURVDWLYHVWUHVVDVVRFLDWHVZLWKDXWRSKDJ\GXULQJSHULF\WHLQMXU\
$ 5HSUHVHQWDWLYH ZHVWHUQ EORW VKRZLQJ WHPSRUDO FKDQJHV LQ SHUR[\QLWULWH
SURGXFWLRQ LQ SHULF\WHV DIWHU WUHDWPHQW ZLWK  ȝJPO =Q213  K IRU LQGLFDWHG
GXUDWLRQV % 5HSUHVHQWDWLYH FRQIRFDO LPDJHV VKRZLQJ SHUR[\QLWULWH SURGXFWLRQ
XQGHULQGLFDWHGFRQGLWLRQV0HDVXUHPHQWXVLQJ13RI2122IRUPDWLRQLQSHULF\WHV
XSRQ=Q213WUHDWPHQW7UHDWPHQWZLWKȝ08$DQ2122VFDYHQJHUUHGXFHG
=Q213LQGXFHG LQFUHDVH LQ 13 IOXRUHVFHQFH 'DWD ZHUH UHSUHVHQWDWLYHV RI 
LQGHSHQGHQWH[SHULPHQWV&5HSUHVHQWDWLYHFRQIRFDOLPDJHVVKRZLQJHIIHFWVRI
ȝ08$RQDXWRSKDJLFIOX[LQSHULF\WHVIROORZLQJWUHDWPHQWZLWKȝJPO=Q213
7KH LQVHUWV VKRZLQJ PDJQLILHG LPDJHV RI *)3/& DQG P5)3/& SXQFWD '
,QKLELWLRQ RI QLWURVDWLYH VWUHVVLQGXFHG 75306 IRUPDWLRQ DQG /&,, IRUPDWLRQ
=Q213 LQGXFHG DQ HOHYDWLRQ LQ WKH 75306 ( ZKLFK ZDV DWWHQXDWHG E\
WUHDWPHQWZLWKȝ0/1$DQGȝ08$8$XULFDFLG/1$/1$0(/8
/1$0(DQGXULFDFLG)'HQVLWRPHWULFDQDO\VLVRI/&%,,QRUPDOL]HGWRȕDFWLQ
$&7%'DWDVKRZQLQ(DQG)ZHUHIURPLQGHSHQGHQWH[SHULPHQWVP 
P YHUVXVFRQWUROP P YHUVXV=Q213WUHDWPHQWDORQH
* (IIHFWV RI QLWURVDWLYH VWUHVV LQKLELWLRQ RQ (5DVVRFLDWHG DSRSWRVLV SURWHLQV
=Q213LQGXFHG LQFUHDVH LQ SKRVSKR-1. + DQG &+23 , ZHUH DWWHQXDWHG E\
WUHDWPHQWZLWK/1$0(RUXULFDFLG7KHGDWDDUHH[SUHVVHGDVSHUFHQWDJHVRIYDOXHV
-,$1*(7$/


RI WKH FRQWURO P   YHUVXV FRQWURO P   YHUVXV =Q213 WUHDWPHQW
DORQH
)LJXUH  7DQGHP PDVV VSHFWUXP LGHQWLILFDWLRQ RI WKH QLWUDWLRQ UHVLGXH LQ WKH
7530SURWHLQ 
7KH SURWHLQ ZDV GLJHVWHG ZLWK  QJȝO WU\SVLQ DQG VXEMHFWHG WR 1DQR/&0606
DQDO\VLV7KHVHTXHQFHVSHFLILF LRQVDUH ODEHOHGDV\DQGE LRQVRQ WKHVSHFWUD7KH
SHSWLGH  ZDV LGHQWLILHG WR EH QLWUDWHG 7KH SHSWLGH FRQWDLQHG
QLWURW\URVLQHDW<7KHIUDJPHQWDWLRQRILRQVVKRZLQJWKHGLDJQRVWLFPDVVVKLIW
RI'DLVLQGLFDWHG 
)LJXUH7530<6PXWDWLRQUHGXFHVSHULF\WHLQMXU\
$ $ VFKHPDWLF VKRZLQJ WKH ORFDWLRQ RI < LQ WKH &WHUPLQXV RI WKH 7530
SURWHLQ % 3HULF\WHV H[SUHVVLQJ WKH 7530 <6 PXWDQW H[KLELWHG ORZHU
=Q213ȝJPOLQGXFHGDXWRSKDJ\HYHQWVDQG(5VWUHVV&HOOVZHUHWUDQVIHFWHG
ZLWKWKHSODVPLGHQFRGLQJWKH7530<6PXWDQWRUDQHPSW\YHFWRUDVQHJDWLYH
FRQWURO4XDQWLWDWLYHDQDO\VLVRI WKHSURWHLQ OHYHOV IRU/&,, IRUPDWLRQ &&+23
OHYHOV'SKRVSKR-1.(DQGSKRVSKR3(5.)ZDVSHUIRUPHGE\GHQVLWRPHWU\
7KH PHDQ GDWD H[SUHVVHG DV WKH GHQVLWRPHWU\ UDWLR RI WKH FRQWURO ZHUH IURP 
LQGHSHQGHQWH[SHULPHQWVP YHUVXVFRQWUROP P YHUVXV
=Q213 WUHDWPHQW DORQH * ([SUHVVLRQ RI WKH 7530 <6 PXWDQW UHGXFHG
2122LQGXFHG(5VWUHVVDQGDXWRSKDJ\LQSHULF\WHV+-4XDQWLWDWLYHDQDO\VLVRI
WKH SURWHLQ OHYHOV IRU * ZDV SHUIRUPHG E\ GHQVLWRPHWU\ IURP  LQGHSHQGHQW
H[SHULPHQWV P YHUVXV FRQWURO P P YHUVXV =Q213
WUHDWPHQWDORQH&WUOFRQWURO 
)LJXUH1LWURVDWLYHVWUHVVGRZQUHJXODWHVWKH7530FKDQQHOIXQFWLRQ
$5HSUHVHQWDWLYHSDWFKFODPS UHFRUGLQJVRI$'35LQGXFHGZKROHFHOO FXUUHQWV LQ
WHWUDF\FOLQHLQGXFHG+(.FHOOVH[SUHVVLQJK7530&HOOVZHUHSUHWUHDWHGZLWK
-,$1*(7$/


HLWKHUȝJPO=Q213RUP06,1&XUUHQWVZHUHHYRNHGE\P0$'35
FRQWDLQHG LQ WKH SLSHWWH VROXWLRQ DIWHU REWDLQLQJ WKH ZKROHFHOO :& FRQILJXUDWLRQ
([WUDFHOOXODUDSSOLFDWLRQRIȝ01pDP\OFLQQDPR\ODQWKUDQLOLFDFLG$&$ZDV
JLYHGDWWKHHQGRIWKHUHFRUGLQJWREORFNWKH7530FKDQQHOFXUUHQWV%7KHPHDQ
$'35LQGXFHGFXUUHQWDPSOLWXGHLQFHOOVWUHDWHGZLWKLQGLFDWHGFRQGLWLRQVQ FHOOV
UHFRUGHG IRU HDFK FRQGLWLRQ P   YHUVXV FRQWURO P   YHUVXV =Q213
WUHDWPHQWDORQH
)LJXUH&KDQJHVRIĮ60$LQPLFURYHVVHOVLQZLOGW\SHDQG7530.2PLFH
GXULQJQHXURYDVFXODULQMXU\
$ )OXRUHVFHQW LPPXQRKLVWRFKHPLFDO VWDLQLQJ RI Į60$ DQG ODPLQLQ LQ WKH
PLFURYHVVHOV DIWHU =Q213 LQMHFWLRQ LQ ZLOG W\SH :7 DQG 7530 .2 PLFH
$QWLODPLQLQUHGDQGĮ60$JUHHQVWDLQLQJZHUHSHUIRUPHGDWKDIWHU=Q213
LQMHFWLRQ%=Q213LQMHFWLRQOHDGWRDQLQFUHDVHLQWKHQXPEHURIWKHGLVFRQQHFWHG
SDWFK\ SDUWV RI Į60$SRVLWLYH FHOOV LQ WKH :7 PLFH ZKLFK ZDV DWWHQXDWHG LQ WKH
7530.2PLFH Q PLFHIRUHDFKFRQGLWLRQP YHUVXV:7P 
YHUVXV:7=Q213 
)LJXUH$EHUUDQWDXWRSKDJ\VLJQDOLQJZDVDVVRFLDWHGZLWKWKHSHULF\WHLQMXU\ 
$ 9LVXDOL]DWLRQ RI WKH EUDLQ FRUWH[ RI DQLPDOV LQMHFWHG ZLWK DGHQRYLUXV FDUU\LQJ
P5)3*)3/&WUHDWHGRUQRWZLWK=Q213OHIWSDQHO7KHSHULF\WHVZHUHVWDLQHG
ZLWKDQWLĮ60$DQWLERG\SLQN6FDOHEDUȝP7KHLQVHWVRISDQHOVVKRZKLJK
PDJQLILFDWLRQ=VWDFN LPDJHV RI EUDLQPLFURYHVVHO VWDLQLQJ % 4XDQWLILFDWLRQ GDWD
VKRZQ WKDW DFFXPXODWLRQ RI P5)3SRVLWLYH SXQFWD ZDV SDUWLDOO\ UHGXFHG LQ WKH
YHVVHOV IURP WKH 7530 .2 PLFH DIWHU QHXURYDVFXODU LQVXOW Q    PLFH IRU HDFK
JURXS










